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THE TOTAL ECLIPSE OF MAY 28, 1900. 
WILLIAM H. PICKERING, 


FoR POPULAR ASTRONOMY. 

It does not appear to the writer that direct photographs of the 
solar corona have very much scientific importance. He is inclined 
to believe that their chief value isan aesthetic one. If well taken, 
they form attractive souvenirs of what is undoubtedly one of the 
grandest celestial phenomenon on which the eye of man has ever 
rested. It is this aesthetic enjoyment attained, which it seems to 
him will constitute the chief gain of the majority of the expedi- 
tions which will view the eclipse this next May. 

If photographs are of little value, it may safely be said that 
drawings are worse than useless, since it is quite impossible dur- 
ing the brief time available during totality to represent, with the 
least pretentions at accuracy, even a very restricted area of the 
corona. Meanwhile, the time spent in looking at the paper 
might much more profitably be expended in watching the eclipse 
itself. It is therefore recommended to those who visit the eclipse 
region at their own expense, to spend but little time in attempts 
at scientific work. Probably the most valuable thing that can 
be done by the average person, especiaily if off the central line, is 
to note the duration of totality. This may best be done witha 
stop watch, but any watch furnished with a second hand may be 
used, and an effort should be made to determine the time correct- 
ly, within half a second. An accurate description of the location 
of the station should be prepared as described in the recent publi- 
cation of the Naval Observatory, and sent to the proper authori- 
ties. 

For those who are so fortunate as to be within the darkened 
region, one of the grandest features to be seen will be the on-rush 
of the Moon’s shadow. It approaches with approximately the 
speed of a cannon ball, and is a verystriking phenomenon. Since, 
however, it comes from the west, while the Sun is in the east, one 
cannot watch both at the same time, and it is reeommended to 
those who are seeing a total eclipse for the first time to be satis- 
fied with watching the shadow depart at the end of totality, and 
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not miss the flash of the corona at the instant totality comes on. 

Each observer should have some aid to the eye-sight, if itis only 
an opera glass. Great care should be taken not to dazzle the 
eyes by watching the Sun too long during the partial phase, not 
only on account of the danger of straining the eye-sight, but also 
because if the eyes are dazzled the corona will be less well seen. 
A combination of red and green glasses, or red, green and blue, 
makes a satisfactory shade for the eyes, and it can hardly be too 
dark. During totality no shade will be needed. 

If a sheet be spread on the ground one may watch the shadow 
bands which appear for a few seconds before and after totality. 
They are still sometimes erroneously spoken of as diffraction 
bands, although, of course, they have really nothing whatever to 
do with diffraction itself. They are due to atmospheric waves 
occurring a few thotsand feet above the Earth's surface at the 
contact of two currents of air flowing with different velocities. 
Their direction and speed are dependent onthe wind,and have no 
connection with the Moon’s motion or shadow. We may pro- 


duce the phenomena at will any cold ni 


ght, by opening a win- 
low near an electric are lizht. whe Le shad Pthe rising 
qgow near an electri ire Hignt, when the shadow of the rising 
hot air currents may be seen cast on a sheet of paper 

During totality itis so dark that first and second magnitude 


stars appear, but stars of the third magnitude are seldom if ever 


visible to the naked eve. I have never seen it so dark that there 
was even the slightest dificulty in reading the time from a watch 
of ordinary size. Those interested in the matter will find vari- 
Ous suggestions both for visual and photographic observations 
given in the Harvard Annals, Vol. XVIII, p. 109. 

Although, as remarked at the beginning of this paper, little of 
scientific value can attach to direct photographs of the corona, 
still many observers will wish to bring away with them some re- 
minder of their trip, however inadequate it may be to represent 
the grandeur of the phenOmenon witnessed. In order to obtain 
the best results the following facts should be borne in mind: The 
diameter of the image of the Moon is about one one-hundredth 
of the focus of the lens. The brightest part of the corona is about 
one- fiftieth of the photographic brightness of the full Moon. The 
faintest part of the corona, which is equal in brightness to 
that of the surrounding sky, is about the same as that of the sky 
at evening, when second magnitude stars first become visible. 
The Moon itself is absolutely black, and no one has as yet suc- 
ceeded in seeing or photographing any detail upon it. 

This blackness of the Moon in comparison with the sky is nota 
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contrast effect, as might at first be supposed, but is a real phe- 
nomenon, as is shown by photography. It is not generally recog- 
nized, I believe, that it indicates that the general illumination of 
the heavens surrounding the corona is due toa source of light be- 
yond the Moon. That is to say, this general illumination is not 
due to the light of the inner corona reflected from our atmos- 
phere, nor yet to the illumination of our atmosphere by the 
bright regions of the Earth’s surface outside of the Moon’s 
shadow, but is due to the reflection of the Sun’s light fror: the 
countless small*bodies revolving about it, and lying chiefly inside 
of the Earth’s orbit. 

It has been found at Harvard that upon the average night, 
when the object is sufficiently brilliant, as in the case of the Moon 
and brighter stars, better definition is obtained with a photo- 
graphic telescope of fourteen feet focus when apertut 


» 
+ 


to 3.5 inches, than with either larger or : Ile 


eis cut down 


5 ipertures. During 
totality the seeing is likely to be worse than during the night at 
Cambridge, therefore for most purposes we may take three inches 
as the maximum size desirable for phot hic use. It is only 
with instruments of very long focus thatal] r sizeis necessary 


and we are then liable to secure infe eether with 


lack of contrast on account of the larg: le employed 

Nearly all the detail of the corona li hal rather than a 
tangential direction. The brightnes dly 
radially, but only slightly at 1 s direction, 
Therefore, if we wish to bring out tu ve must 
use a plate giving great contrast, | limit our- 
selves to a zone of small breadt] loon Inside 
of this zone the corona is ove rexpos lou d the orona is 
under exposed. On the other hand, if we us plate having great 
range but little contrast, the whole cor be shown upon 


it properly exposed, but little detail will nin any portion of 


its area. Efforts have been made to overcome this difficulty by 
shutters especially devised to vary the exposure in different por- 
tions of the field. In any case the photographer is advised to use 


a plate giving great contrast, which is equivalent to using a very 
slow plate, such for instance as is used for lantern slides and pro- 
cess work. 

With an ordinary telescope, whose focus is sixteen times its ap- 
erture, an exposure of two seconds will give a very satisfactory 
picture of the inner corona. If one is provided with a mounting 
driven by clock work the longer the focus the better. If no clock- 
work is employed, and the focus is as much as four feet, the ex- 
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posure should not exceed one second, or the trailing of the image 
will become apparent. For the best results in photographing the 
outer corona a slow plate is imperative. With a doublet whose 
focus is six times its aperture, an exposure of ten seconds is about 
right. One must not make the mistake of giving too long an ex- 
posure, or the plate will be over-exposed, and little contrast se- 
cured. It is probable that the outermost regions of the corona 
that wecan observe can best be photographed witha lens of only 
a few inches focus. Thus, in 1886, with a lens of eight and a half 
inches focus, the corona was traced for 90’ from the Moon’s limb, 
although all distinct detail ceased at a distance of 60’ (Harvard 
Annals, Vol. XVIII, p. 108). This is believed to be the greatest 
extent of corona shown by photography up to that time, and it 
has only recently been exceeded by photographs taken during the 
Indian eclipse of 1898, when a similar lens was used. All the 
plates should be backed with suitable varnish to prevent reflec- 
tion from the rear of the plate. A water color backing is of no 
use, since the index of refraction of the drying medium must 
equal that of the glass. 
HARVARD OBSERVATORY, Cambridge, Mass., 
March 26, 1900. 


Ss. W. BURNHAM’S NEW DOUBLE-STAR CATALOGUE.* 
A REVIEW. 


R. G. AITKEN. 


For POPULAR ASTRONOMY, 


‘‘A general catalogue of all the double stars discovered by me 
from time to time during the past twenty-five years has long 
been needed by those interested in this field of astronomical 
research, and by reason of the special interest attached to many 
of these remote sidereal systems, it has become more and more 
important to bring the scattered material together in order to in- 
telligently pursue the investigations which promise to so much 
increase our knowledge of the great universe beyond the solar 
system.”’ These words, taken from Mr. Burnham’s introduction, 
give the raison d’ ¢tre of the work ot which, at the request of the 
editor of PFopuLAR AsTRONOMY, I am glad to write this review. 


* [Publications of the Yerkes Observatory, Volume I, 1900. A General Cata- 
logue of 1290 Double Stars discovered from 1871 to 1899 by S. W. Burnham. Ar- 
ranged in order of Right Ascension with all the micrometrical measures of each 
pair, by S. W. Burnham, Chicago. The University of Chicago Press, 1900. 
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The merit of the volume from the mechanical stand-point will 
appeal to all who are interested in good book-making. The large 
open quarto page is well adapted to such a work, and the clear 
type, the wide margins and the almost complete absence of typo- 
graphical errors combine to make it attractive to the eye. An ex- 
cellent view of the Yerkes Observatory forms a fitting frontispiece, 
and the introduction is illustrated by good engravings of the 
great 40-inch refractor of that Observatory and of the three tele- 
scopes with which the greater part of Mr. Burnham’s work has 
been done—the famous 6-inch refractor, the 18'%-inch of the Dear- 


‘ 


born Observatory and the 36-inch of the Lick Observatory. 

In this introduction, Mr. Burnham gives an account of the be- 
ginning of his astronomical work, which will be of interest to 
many who may not see his volume. ‘‘ When in London,”’ he says,’ 
‘“‘about 1861, [ purchased one of the cheap astronomical tele- 
scopes introduced about that time. It had a nominal aperture 
of three inches, but was without a finder, and had only the 
simple alt-azimuth mounting with a common table tripod. It 
was supplied with a terrestrial, as well as astronomival, eye- 
piece and while it was a good instrument for landscape use, it 
was of little value for astronomical purposes. Some years later 
I obtained a 3%4-inch telescope, with an English object-glass, 
mounted equatorially by Fitz on a portable stand. This was just 
good enough to be of some use, and poor enough, so far as its 
optical power was concerned, to make something better more de- 
sirable than ever. In 1869 I accidentally met Mr. Alvan G. Clark 
inChicago . . . . . and made some inquiries of him about a 
small equatorial. This interview resulted in my ordering from 
the celebrated firm of Alvan Clark and Sons an equatorial of six 
inches aperture. I told them what I wanted and what 1 wanted 
it for. Every detail was left entirely to their judgment, stipulat- 
ing only that its definition should be as perfect as they could 
make it, and it should do on double stars all that it was possible 
for any instrument of that aperture to do. In due course of time 
this instrument was delivered, and was set up in an observatory 
prepared for it in the mean time. Mv attention for some reason 
or other, which I am unable to explain, had been almost exclus- 
ively directed to double stars previous to this while using the 
smaller telescopes referred to. This preference was not in any 
.sense a matter of judgment as to the most desirable or profitable 
department of astronomical work, or the result of any special 
deliberation upon the subject. It came about naturally, without 
any effort or direction upon my part.”’ 
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With this instrumental equipment and an astronomical library 
consisting principally of the first edition of Webb’s Celestial Ob- 
jects for Common Telescopes, Mr. Rurnham began his work. His 
first new double star (4 40) was found on April 27, 1870. By 
correspondence with other observers, both amateur and profes- 
sional, by queries in the columns of the English Mechanic, but 
principally by the laborious process of copying the lists of double 
stars from various publications loaned him by different astrono- 
mers, he managed to increase his knowledge of the work of 
previous discoverers in this field to such an extent that in 1873 he 
was able to publish a catalogue of 81 double stars which he 
confidently believed to be new. 

This modest little list of stars found by an amateur with a six- 
inch telescope, forms a striking contrast to the present volume, 
issued as the first publication of a great Observatory, with its 
1290 stars, and its summary of thousands of measures, the work 


of many of the best observers and most powerful telescopes of 


modern times. Yet the early publication contained the promise 
and potency of the larger work, for an analysis of its 81 stars 
shows that 40 of them are separated by distances of 2” or less— 
4 of them being well under 1 


aA 


and that 9 are naked eye stars. 
Thus two characteristics of the # stars were at once manifest. 
The third characteristic of all of Mr. Burnham’s catalogues, also 
holds for this first one, for at least 15 of the 81 stars have now 
given evidence of being physical systems. 

It is a matter for congratulation that Mr. Burnham refused to 
be discouraged by the belief which seems to have been general 
amongst astronomers in 1870, that the field of double-star dis- 
covery had been exhausted by the Herschels and Struves. Even 
so well informed a man as the Rev. T. W. Webb, writing in 1873, 
after the first three catalogues of # stars had been published, 
said: ‘It will hardly be possible for you to go on for any great 
length of time as you have begun, because the number of such 
objects is not interminable, and every fresh discovery is one less 
to be made. Still, what you have already done is so much more 
than any man now living has accomplished, that your high posi- 
tion as an observer is fully secured.’”’ After quoting this passage 
Mr. Burnham remarks: ‘‘Since that time more than one thous- 
and new double stars have been added to my own catalogues, 
and the prospect of future discoveries is as promising and en- 


couraging as when the first star was found with the six-inch’ 


telescope.”’ 
It is not my purpose to enter into the detailed history of Mr. 
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Burnham’s labors in this field. Asis well known, he continued 


his work of discovery with the six-inch glass, and such larger in- 
struments as became available, until he had published 19 sepa- 
rate catalogues, containing 1274 objects. While preparing the 
present volume he added 8 pairs found with the 40-inch telescope 
Oked, 


and recovered 8 others, previously over] from his old ob- 
serving books. This brings the total to 1290; but 13 stars were 
later found to be identical with previously known pairs, and 


their numbers, with the number 444, accidentally omitted,do not 
appear in the General Catalogue. One thousand, two hundred 
and seventy-six pairs are therefore given; 133 of these consist of 
additions of closer or more difficult components to previously 
known double stars, and 291, nearly one-fourth of the whole, are 
bright enough to be visible to the naked eve 

The arrangement of these stars in the 


he General Catalogue 
leaves nothing to be desired. They are 


given in the order of 
right ascension (for 1880.0) with all the measures of eac 


) pair 
to the end of the year 1899. The me 


isures are mean results, 
giving the date, the position-angle, the distance, the observer, 
and the number of nights on which complete measures were 
made—‘‘in many instances the angle has been measured on a 
greater number of nights than that given here.’’ A sufficient 
number of the estimates of relative magnitude made by different 
observers is given to fix this quantity with all necessary ac- 
curacy. The notes to each pair state the telescope with which it 
was found, the character of the relative motion, if any, the 
amount and direction of the proper motion of the primary from 
meridian observations, if it has been determined, and in the 
cases of the more interesting stars, a more complete discussion, 
with the data of orbits, when such have been computed, and 
other information of value to the observer or computer. 
connection diagrams are freely used 


In this 
Finally, a complete refer- 
ence list of the original publications of measures is appended to 
-ach star. 

gut one who reads the book carefully cannot fail to notice 
Mr. Burnham’s moderation in the way of descriptive wfiting, 
and his economy in the use of adjectives, especially of those in 
the superlative degree. One notes these facts with a distinct 
sense of pleasure, for what is wanted in a work of this kind is 
the description and history of each star as complete as possible, 
but in compact form. 

In his Introduction, Mr. Burnham shows that all the leading 
double star catalogues prior to 1870 contained only 680 stars 
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with distances not exceeding 2”. His own discoveries have 
added not less than 690 to th’'s class. If we extend the com- 
parison to some more recent catalogues, we shall find that 248 
of Hough’s 622 stars, and 162 of See’s 500 have measured dis- 
tances of 2” or less. Neither catalogue will compare with Burn- 
ham’s in the proportion of close pairs. We cannot speak with 
certainty of Innes’ stars for hardly any of them have been 
measured, but apparently about 200 of the 300 pairs fall into 
this category. If we assume 300 other pairs—a very liberal es- 
timate—of this class as the contribution of all other observers 
to the present time, the # stars still give us 30 percent of all 
known close double stars. 

The significance of this statement—aside from its testimony to 
the keen observing powers of their discoverer—lies in the fact 
that the class of close double stars yields by far the greater 
proportion of physical systems, and practically all the binary 
stars of short period. In the present state of our knowledge, the 
period of revolution of a double star, in its most interesting and 
most important feature, and the shorter the period, the higher 
the interest. Some hundreds or thousands of years hence, when 
the accumulated observations of generations of astronomers 
have furnished sufficient data for the determination of a large 
number of orbits, greater interest may attach to other ele- 
ments—the eccentricity, for instance. But even so, it is obvious 
that the stars in rapid motion will yield the necessary observa- 
tions in the shortest time; and the great importance of the 
stars is due to the fact that many of them are already recog- 
nized as binaries of very short period, and that many others 
give evidence of being in rapid motion. 

Mr. Burnham lists 185 pairs (about 14 percent of all the 7 
stars) that have so far given more or less evidence of being 
physical systems. He warns us that this list is only provisional. 
In some cases the relative motion is too small to make the 
nature of the change certain; many other stars have been ob- 
served at but two epochs, separated in some instances by only 5 
or 6 years; and about 40 pairs have not been re-measured 
since discovery. 16 of the last named number are the late addi- 
tions, and a few others may ultimately prove to be single. How 
many binaries may later be added from these three classes it is 
of course impossible to say. An examination of the 185 pairs at 
present enumerated as physical systems, shows that 41 of them 
are included largely on the ground of possessing a common 
proper motion, though there is also slow relative change. These 
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pairs are all at least moderately close—several of them very 
close. 52 other pairs are relatively fixed, but possess a common 
proper motion. Only seven of these are as wide as 10”, and 33 
of them are closer than 5”. For all the pairs under—say 5”’—a 
common proper motion is sufficient evidence of physical connec- 
tion through an attracting force similar to, if not identical 
with, that of gravitation. When the angular separation of the 
two stars is great, we cannot speak so confidently, but even 
then the best we can do is note the pair as probably a physi- 
cal system, leaving definitive classification to the future.’ 

No one will question the correctness of Mr. Burnham’s classifi- 
cation of the stars just mentioned except perhaps in a few in- 
stances where the amount of the proper motion is very small— 
as for example f# 63 and f# 1090. But the other stars, those 
that show decided relative change are of far greater interest. 
Some of these also possess common proper motion and in but 
few cases is the orbital nature of the motion in doubt. In at 
least 27 of these pairs, the motion has been so rapid that the 
period of revolution is almost certainly less than 50 years; and 
there are fully a dozen more very interesting systems with mod- 
erately short periods. The observations of the next few years 
will in all probability considerably increase the numbers in both 
of these classes. 

A review of all the double stars for which orbits with periods 
of less than 50 years have been computed, shows that the great 
= catalogue has contributed five—only one of whlch, 21728, 
has a period of less than 30 years. The O 2 lists add two—O 2 
269 (49 vears), and the remarkable system of 6 Equulei, which 
needs only 11.5 years for a revolution; and the discoveries of 
Alvan Clark and Alvan G. Clark, three more (adopting Zwiers’ 
period for Sirius), all with periods over 30 years. The 19 year pe- 
riod star § Sagittarii, discovered by Winlock, brings the total num- 
ber of short-period binaries, exclusive of the /stars, toeleven, only 
three of which complete a revolution in less than 30 years. It is 
probable.that Procyon, 95 ceti, and ¢ Hydrae AB, discovered re- 
spectively by Schaeberle, Alvan Clark and Schiaparelli, will later 
be added to this number. 

Turning now to the # stars, we find « Pegasi (11.42 years), 
the most rapid binary whose period is accurately known, five 
pairs with periods between 15 and 30 years, and two more with 
periods under 40 years. For these stars orbits have been compu- 


[* In this connection see Burnham's article ‘‘The Binary Systems’’ in Popu- 
LAR ASTRONOMY No. 34. | 
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ted. We have also #555 and #639, which are certainly very 
rapid, and many other systems (e. g. 6 552, 6 648, f 962, ~ 
1077, etc.), whose periods will prove to be short. 

Mr. Burnham ’s opinion of the value of double star orbits based 
on short arcs is well known, and it is therefore not surprising to 
find that he has computed but two orbits for his General Cata- 
logue. For # Delphini ( f 151) he finds a period of 26.70 years— 
a year shorter than that assigned to it-by See 





and for 85 Pegasi 
(8 733) a period of 25.7, which is 1.7 years longer than the one 
given by See. The other elements also vary somewhat from See’s, 
the semi-major axis and inclination of both orbits being consid- 
erably smaller. Of #416, for which five orbits, with periods 
ranging from 25 to 35 years, have been computed, Mr. Burnham 
says: ‘‘ While the general form of the apparent orbit is fairly 
well indicated, an investigation of this time could give only a 
provisional value. A revolution will soon be completed, and then 
a reliable determination of the elements can be made.”’ 

This conservatism also prevents him from making any more 
definite statements with regard to such stars as f 524 and f 612 
than that orbits have been computed, but are uncertain; that the 
motion is rapid, and that the measures of the next few years will 
probably furnish data for reliable conclusions. 

Of 6395, Mr. Burnham writes: ‘See, using the measures to 
1897.67, has computed the orbit and found a period of 16.3 
years (A. N.3455). This assumes a change of about 180° bet ween 
1891 and 1897. From the slow motion in angle and distance 
between the date of discovery and the last measure in 1891, it 
seems very probable that in all the observations the companion 
star should be putin the same quadrant. . . . . Thereis no 
question of the binary character of this pair, but if the change has 
been in a gradual approach of the two components, as seems 
most likely, the period will not be a short one.’’ And of # 885, 
for which Glasenapp has found a period of 16.88 years, and See 
one of 5.5 years, he writes (Appendix, p. 293): “A recent exam- 
ination of all the measures of this star leads to the conclusion 
that the most probable period is about seventeen years. It is 
certain that the measures of 1891.97 to 1899.78 are properly ad- 
justed as to quadrants, and that the angular motion in 7.8 years 
is only 110°. 

All these matters are questions to be settled by the observer, 
and answers should be forthcoming in a very few years. Mean- 
while, the most satisfactory attitude, and, in my opinion, the 
one most conducive to real progress, is the conservative one 
which Mr. Burnham takes. 
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I cannot close this review without calling attention to a mat- 
ter that does not strictly relate to the f stars: 

It has long been known to double star observers that Mr. Burn- 
ham is in possession of more extensive and more accurate knowl- 
edge of the bibliography of double star astronomy than any 
other man living; and that he has used his knowledge in compil- 
ing a complete catalogue of all double star discoveries and meas- 
ures. In the introduction to his present volume he refers to this, 
saying that the catalogue, which is arranged in proper form for 
printing, ‘“‘ has all the time been kept posted to date, by the addi- 
tion of all new material as soon as printed, and many unpub- 
lished discoveries and observations.’’ He adds: ‘‘ Whether it will 
ever assume other than the present manuscript form remains to 
be seen.” 

The publication of such a catalogue would do for all double 
stars what his present volume does for the f stars. Noth- 
ing else could do so much to stimulate research and to direct ob- 
servers to fruitful fields of labor. It appears to me to be the 
most urgent need of double star astronomy today, and I am 
confident that I voice the sentiment of double star observers 
every wherein expyvessing the hope that the means may soon become 
available to put this work—the result of years of patient labor, 
into the permanent form now assumed by the General Catalogue 
of the 4 Stars. 

LicK OBSERVATORY, University of California. 

March 6, 1900. 


THE LATE CATHERINE WOLFE BRUCE 
W. W. PAYNI 


It is no easy thing to choose fitting words to refer to the close 
of any life on Earth, much more is it difficult to offer a right and 
worthy tribute to the memory of one like Miss Catherine Wolfe 
Bruce, who, for noble cause, the world of science has learned to 
love for what she was and for what she did. 

In what follows it is plain that her intelligent generosity knew 
no limits of raceor country, and soscience the world over mourns 
acommon loss. Her kind and thoughtful care lightened many a 
burden in her own land, awakened new zeal in needful research, 
and helped to finish many a task when patience and other re- 
sources were nearly gone. 

Too much will not be said in honor of such gentle and unpre- 
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tentious worth; for, of such kind is greatness that lives on in un- 
failing strength and beauty, through the finite and changeful 
here into the blessed real and eternal yonder. 

Miss Bruce was born Janury 22, 1816. Her home was No. 810 
Fifth avenue, New York City, at which she was during her last 
long illness. She passed away March 13, 1900. 

We are indebted to a friend for a brief notice of the sad news 
which appeared in a recent issue of the New York Tribune, as 
follows : 

‘* Miss Catherine Wolfe Bruce deserves more than the ordinary 
obituary record, for she was a woman of the highest character, 
of many and varied accomplishments, and had contributed nobly 
of her means to the cause of charity, of education and of science. 
The George Bruce Free Library she built, established and endowed, 
and it is today one of the most flourishing branches of the free 
library system. Her benefactions to the cause of astronomy are 
known all over the world, and her name is identified with many 
important advances in that science. She corresponded with emi- 
nent professors here and in Europe, and was the recipient of dis- 
tinguished honors for her interest and service. A gold medal was 
presented to her by the Grand Duke of Baden, and she enjoyed 
the signal distinction of having her name given to a newly dis- 
covered asteroid.* Upward of $200,000 has been her contribution 
to the scienceshe loved. Her charitable gifts and those of private 
benevolence need not be mentioned here. 

‘Miss Bruce was the daughter of George Bruce, the famous 
type-founder, whose work has stood the test of time and change, 
and is still in use at the present day. Naturally, Miss Bruce was 
interested in the art of printing—that ‘art preservative of all 
arts,’ as she was fond of quoting. It has been said that Miss 
Bruce was an accomplished woman. She had made a study of 
painting, and was a painter herself. She knew Latin, German, 
French and Italian, and was familiar with the literature of those 
languages. She wrote and published in 1890 a translation of the 
Dies Aree. For many years she was an invalid, and deprived of 
that society which her talents and character well fitted her to 
adorn. She was always patientand uncomplaining, and entirely 
resigned to the will of the Almighty Disposer of Events. She has 
left a gracious memory of good and generous deeds and an im- 
pressive example of noble womanhood.”’ 

In answer to our request a personal friend has favored us with 
alist of the generous benefactions made by Miss Bruce to advance 
the interests of astronomy. It is a pleasure to publish the entire 
list : 
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A NOTE ON A SUPPOSED EARLY CONJUNCTION OF PLANETS. 
W. H. S. MONCK. 


FOR POPULAR ASTRONOMY. 


The late Mr. John Williams, in his Observations of Comets, (ex- 
tracted from the Chinese Annals), published in 1871, gives some 
interesting details as regards early Chinese Astronomy which he 
had carefully studied. One of these relates to the conjunction of 
planets to which I refer. 

“In the Chinese Atinals it is recorded that in the reign of Chuen 
Kuh, the grandson of Hwang Te, in the spring of the year, 
on the first day of the first Moon, a conjunction of five planets 
occurred in the heavens in Ying Shih. Zing Shih, or as it is more 
usually denominated Shih, is one of the 28 stellar divisions, 
determined by a, # and other stars in Pegasus, extending north 
and south from Cygnus to Piscis, Australis, and east and 
west 17 degrees, and compasing part of oursigns Capricornus and 
Acquarius. The Emperor, Chuen Kuh, is said to have reigned 78 
years, from B. C 2513-2436, and to have died in his 97th year; 
and from modern computations (I believe by Bailly, the French 
astronomer), it has been asserted that a conjunction of the five 
planets actually did take place about the time and within the lim- 
its indicated, 7.e. on the 29th of Februry, 2449 B. C., being the 
65th year of Chuen Kuh. Should this on further investigation 
prove correct, it will afford a strong presumption of the authen- 


ticity of the early Chinese annals, as there is no appearance of 


these astronomers having been at any time able to compute the 
places of planets so far back; and the account is to be found in 
works published long before any intercourse with Europeans had 
taken place.”’ 

The length of Chuen Kuh’s reign is a little startling, and leaves 
a good deal of scope for such a conjuction, and if really observed, 
it seems strange that the first comet in Mr. Williams’ catalogue 
should be in B.C.611, or more than 1800 years after the conjunc- 
tion of planets had been observed. But, turning to a well known 
work on the subject, Mr. G. F. Chambers’ Handbook of Astrono- 
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my, I find (Vol. I. pp. 70-1) that he speaks of the conjunction as 
one of Mars, Jupiter, Saturn and Mercury, and says that Desvig- 
noles and Kirch computed that such a conjunction actually did 
take place on February 18th B. C. 2446, between 10° and 18° of 
Pisces. Williams, however, though he may have made a slip 
in the date, when citing Bailly from memory, is very unlikely to 
have misrepresented the Chi: ese annals as stating that there was 
a conjunction of the five planets if only four were mentioned (and 
these four, it would seem, specified if Chambers becorrect). Cham- 
bers consulted both Bailly and the original memoirs of the two 
computers in question. He goes on, however, to mention a third 
computer, de Mailla, who places the same four planets together 
with the Moon in conjunction between 15° and 27° Pisces on the 
the 9th of February, B.C. 2441. But the Chinese observers would 
hardly have described the Moon as a fifth planet, and it will 
be noticed that Venus, the brightest of all the planets is represent- 
ed as being on both occasions conspicuous by her absence. But 
three conjunctions of the remaining four planets in February, 


2441 B.C., 2446 B.C. and 2449 B.C.,in the same part of the 


A 


sky are, I apprehend, simply impossible. If one of these conjunc- 
tions took piace the other two did not. Even if a conjunction of 
four planets would satisty the Chinese rec ; n we rely on its 
occurrence, when threecomputers give us three consistent dates? 

But some other dates given by Mr. Willi ire rather start 
ing. The system of reckoning by cycle f 60 years was intro 
luced, he states, by the Emperor Hwang 1 vho reigned for 100 
vears, from 2698 B. C., to 2598 B. ¢ Chuen Kk as his grand 
son. The time that elapsed between the ession of the grand- 
father and grandson was just 185 year er which it will be 
recollected the latter reigned for 78 years, making 262 or 263 
vears from his grandfather’s accession to his death. Mr. Williams 
does not give any particulars as to Chu Kuh’s immediate 
successor, but it seems that the Emperor Zaou, also reigned {o1 
100 years, from 2356 B. C. to 2256 B. (¢ I presume the length 


of Zaou’s reign was taken into consideration in computing the 
time when Chuen Kuh lived. The impartial reader will, I think, 
entertain a verystrong suspicion that the whole of this historical 
chronology is fabulous; that very probably there never was any 
such Emperor as Chuen Kuh; that if he really existed, the date of 
his reign is extremely uncertain; and consequently that the con- 
junction of planets was not recorded by any observer, but arrived 
at bycomputing backwards,in the very same way that the Euro- 
pean astronomers of the 18th century arrived at a similar result. 
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The Chinese astronomers also computed a conjunction for some 
date between 2513 B.C. and 2436 B. C., and then following the cur- 
rent but fabulous history, ascribed it to the reign of Chuen Kuh. 
The problem was probably suggested by an observed conjunction 
of three or four planets in this region of the sky. A rough compu- 
tation would enable an astronomer to calculate the dates when 
the same planets had come together in the same part of the sky 
during past ages, and then the question was, at which of these 
dates were the remaining planets, or one of them, also to be found 
in same constellation? This was computed, but very probably 
computed erroneously. Such I believe was the history of this 
conjunction. 


THE TOTAL SOLAR ECLIPSE, MAY 28, 1900. 
H. C. WILSON. 


The great astronomical event of the year, at least so far as can 
be predicted, is to be the total eclipse of May 28, which will be 
visible in accessible regions, both in America and Europe. 

In Europe the path of totality passes across Spain and Portu- 
gal, touching a number of easily accessible cities. It also crosses 
the northern coast of Africa, the two large cities, Algiers and 
Tripoli, lying near the central line. Many European expeditions 
will occupy stations along this portionof the path of the Moon’s 
shadow. The eclipse committee of the British Astronomical As- 
sociation have undertaken a steamer excursion to Spain and Al- 
geria. The steamer proposed will carry 189 passengers, and the 
cost to one making the entire trip to Algiers and remaining on 
board during the stay is to be 22/.10s. At latest reports, the 
war in South Africa makes it somewhat doubtful whether the 
requisite number of persons will go to make the excursion a 
success. 

In the United States, as may be seen from the accompanying 
charts, the path of totality crosses the southern states from New 
Orleans, La., to Norfolk, Va. It is crossed by railroads at many 
points, and the great railroad centers of the various states, New 
Orleans, La., Mobile and Montgomery, Ala., Atlanta, Macon and 
Augusta, Ga., Columbia, S. C., and Raleigh, N. C., lie either with- 
in or near the course of the shadow. The investigations of the 
Weather Bureau (see PopuLAR ASTRONOMY Nov. 1899) point to 
stations in Alabama and Georgia asthe most likely to be free from 
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clouds, so that doubtless most scientific parties from a distance 
will endeavor to locate in those states. There will be, however, 
many local parties all along the line, who will witness the won- 
derful phenomena of the total eclipse and try to collect data for 
the scientific study of the mystery of the Sun’s surroundings. 

A few will go to Mexico, where the path of totality crosses four 
lines of railway, about 170 miles north of Zacatecas, 100 miles 
south of Saltillo, 100 miles south-east of Monterey and on the 
Texan border about 100 miles north-west of Matamoras. Here, 
however, the eclipse will occur early in the morning, totality com- 
ing between six and seven o’clock A. M., and lasting less than a 
minute. 

At New Orleans the eclipse begins at 6:25 A. M., is total at 7! 
30™ and ends at ends at 8"43" A.M. Totality lasts 1"12*. As 
the 6" meridian trom Greenwich passes through New Orleans, 
local and standard time there agree. 

On the Atlantic coast, near Norfolk, Va., the eclipse will begin 
at 7" 37", will be total at 8" 49", totality lasting 1" 40°, and will 
end at 10" 11" A. M., local time. 

From these statements one can easily judge of the altitude of 
the Sun at the intermediate stations, and of the conditions under 
which the eclipse may be observed, barring bad weather. 

Chart No. 1, accompanying this paper, shows that the eclipse 
will be partial over nearly the whole of North America, a little 
of South America, the whole of Europe, the northern part of Af- 
rica and a little of the western part of Asia. Observers who are 
unable to go to the path of the total eclipse, although missing 
the grand spectacle of the corona, will yet be able to witness the 
partial covering of the Sun by the dark Moon, and may contribute 
something useful to science by noting the exact moments of the 
beginning andend of the eclipse. It will be necessary for this that 
the latitude and longitude of the place of observation be carefully 
determined, and that the errors of the time pieces used be found 
within a quarter of a second. The time is telegraphed each day, 
from the U. S. Naval Observatory, over the Western Union tele- 
graph lines, and on that day the signals will doubtiess be more 
than usually correct. Observers may thus find the errors of their 
time pieces by carrying them to the nearest railway station and 
comparing them with the clock at Washington. 

Chart No. 2 (reprinted from Professsr Bigelow’s paper, Popu- 
LAR AsTRONOMY, Nov. 1899), shows the path of totality across 
the United States, and most of the stations along the path. 

According to the larger map issued more recently by the U. S. 
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Naval Observatory, this chart is not quite exact, the center line 
of the path of total eclipse being drawn approximately five miles 
too far south at New Orleans, and about the same distance too 
far north near Norfolk. 

Chart No. 3 shows the position of the Sun among the stars at 
the time of the eclipse. The line at the bottom of the chart repre- 
sents the eastern horizon as seen in Georgia, about the middle of 
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the path across the United States, longitude 83°, latitude 33° 30’, 
the Sun’s altitude there being about 40° at the time of totality. 
The faintest stars given on the chart are of the fifth magnitude, 
but it is probable that these will not be visible to the naked eye. 
It is Goubtful whether the darkness during this short totality 
will be sufficient to render anything fainter than the third magni- 
tude visible. Mercury may be seen a little way above the Sun, 
and Mars also, well up toward the meridian. The Hyades and 
Pleiades, the nearest groups of stars to the Sun, may possibly be 
recognized, but are more likely to be overpowered by the brillian- 
cy of the corona. 

The eclipse supplement to the American Ephemeris, 1900, con- 
tains many admirable suggestions to observers of the eclipse un- 
der the headings: 1. Sketches of the corona with the naked eye. 
2. The Moon’s shadow bands. 3. Photographs of the corona, 
tf. Observations of the times of the contacts. 

As the suggestions under the first two heads can be followed by 
many persons with the slightest of equipment, we give them here, 
taking issue with Professor W. H. Pickering (See page 225),on the 
usefulness of this kind of work. Good photographs of the corona 
will always have great scientific value, for only by these can the 
intricate details of the coronal structure be accurately depicted, 
and thus its lawsof formation and change be studied. Photogra- 
phy, however, fails in some respects and needs to be supplemented 
by careful eye observations and drawings. 

IL—SKETCHES OF THE CORONA WITH THE NAKED EYE. 

The duration of totality will be short, varying from 1" 12° in 
the neighborhood of New Orleans to 1" 40° near Norfolk. Pre- 
liminary preparations therefore should be carefully made, and the 
necessary skill and quickness acquired by practice on artificial 
models. Those who expect to make a sketch of the corona un- 
aided will have toconfine their attention tosketching the outlines 
or to some other particular feature, otherwise there will result 
hasty and inaccurate work. Co-operation of groups of from two 
to five sketchers, as practiced in the last eclipse in India, 1898, is 
strongly commended by the successful drawings then made. 

In any case, whether sketching singly or in co-operation with 
others, there should be prepared a diagram to form the basis of 
the drawing of the corona. A sheet of paper of convenient size, 
about 9 by 12 inches, should have drawn upon it a black disk 14 
inches in diameter to represent the Moon, with straight lines ra- 
diating from the center at angles of 30°. The positions of the 
various parts of the corona, as seen projected against the sky, 
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are best referred to a vertical line obtained by mounting a plumb 
line so that it is seen hanging over the Moon’s center. The dia- 
gram upon which the drawing is to be made is to be placed upon 
any convenient support,so that the line marked “Top” ‘‘Bot- 
tom” shall be in the plane of the plumb line, the top part corre- 
sponding to the top of the string 

Others might find it more easy to estimate the angular posi- 
tions by dividing the diagram into four quadrants, as the actual 
position of the parts of the corona as seen in the sky will have to 
be estimated from the vertical plumb line and an imaginary hori- 
zontal line perpendicular to the plumb lin 

For the benefit of those who may wish to try the co-operative 


plan of sketching, the following hints with but little modification 
are taken from the report of the British Astronomical Association 


on ‘Indian Eclipse, 1898. 


“HINTS FOR MAKING DRAWINGS OF THE CORONA. 

“1. The party should consist of at least five persons—four to 
sketch details of single quadrants, and one (the leader) to sketch 
rapidly the general features of the corona. The leader will then 
be able to correct and supplement the work « 


the quadrant 
sketchers, when producing the combined sketch. This must be 
done on the same day, immediately after the eclipse, in consulta- 
tion with the whole party; and all the drawings should be pho- 
tographed as soon as completed. The drawings themselves, even 
if faulty, should not be touched after completion 

“2. The party should practice together beforehand, each one 
sketching his own proper quadrant from a corona drawing sus- 
pended at the angular height of the Sun. The time of exposure 
of the drawing should be slightly less than the known duration 
of the eclipse. By rotating the drawing it may be made to serve 
for four sketches. The drawing must be well illuminated and 
clear, but must not be large. TheSunand Moon are small objects 
to the eye, and a large drawing would not give useful practice. 

‘*3. Experience shows that Mr. Green’s suggestion as to ma- 
terials, white chalk on purplish blue paper, is an admirable one. 
For practicing, brown paper serves very well if blue paper is 
scarce. 

“4. Itis important always to practice on the same scale asthe 
final sketch is to be made. It has been found that a silver half 
dollar (1,’, inches in diameter), is a very convenient size for the 
black body of the Moon, and this may be always at hand. A cir- 
cle, being drawn around the half dollar is bisected vertically and 
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horizontally, and the diameters are produced across the paper. 
The sketcher has a plumb line (a bunch of keys at the end of a 
string will do), with which he divides his model corona vertically 
as he looks up at it, and he guesses at the corresponding horizon- 
tal division. His quadrant thus fixed, he proceeds to sketch it. 
When the time is called the leader redraws all four quadrants in 
one combined sketch, and by comparison with the original, the 
habitual faults of the sketchers are detected, and in the course of 
a few practices will disappear. 

“5. The position of any planet or high-magnitude star very 
near the Sun at the time of eclipse should be accurately ascer- 
tained, and its distance measured in terms of the Moon’s diame- 
ter (taken as half a degree), as these facts when made familiar 
to the whole party will check the supposed direction and extent 
of any long streamers of the corona. 

‘*6. On eclipse day the sketchers should avoid fatiguing their 
eyes by too much observation of the preceding partial eclipse, 
and should rest the eyes for the last five minutes before totality, 
absolutely. It would be well to close them for the last minute, 
and open them by a signal at totality. Attention should be 
paid to the extreme extent and to the color of the corona at the 
moment of beginning to draw, when the eye is at its freshest, 
and consequently is better able to observe these points than af- 
ter gazing at the very bright inner parts of the corona.”’ 

It should not be inferred from the emphasis laid upon the num- 
ber five that co-operation between two or three observers would 
not have an advantage over the method of making a sketch un- 
aided. 

1.—THE MOON'S SHADOW BANDS 

The Moon’s shadow is bordered by diffraction bands of alter- 
nate light and shade, which are visible on any white background, 
and last about a minute be!ore and after totality. At the eclipse 
expedition to the Caroline Islands in 1883 they were successfully 
observed, and the simple method adopted there is reeommended. 
A white sheet, table spread, or another large piece of white 
cloth, is spread upon the ground and securely fastened, the edges 
lying north and south and east and west. The observer should 
be provided with along rod, which he will lay upon the sheet 
either parallel or perpendicular to the shadow bands as they 
move rapidly across the sheet, in order to get their direction. A 
similar one should be used for the line succeeding totality, as the 
directions differ widely. Measure as accurately as practicable 
the direction of the two positions of the rods, using a compass or 
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other instrument in order to get their azimuth or bearing. A 
second observer, provided with a watch should try to count the 
number of bands per minute, and estimate carefully their distance 
apart in inches as they move across the white surface. In the re- 
port upon this phenomenon, in giving the direction of the rods 
with reference to the compass points, it should be stated whether 
they were placed parallel or perpendicular to the lines. 


THE STUDY OF ASTRONOMY III. 


The brief articles before given in the January and Februry num- 
bers of this publication have spoken of the views of some promi- 
nent school men about making elementary astronomy a part of 
the courses of study in the secondary schools, the methods of 
teaching astronomy where it is pursued; the marked changes 
that are now being introduced, sometimes known as the ‘' induc- 
tive’’ or the laboratory methods; and the means of illustration 
so necessary In all ways of teaching astronomy. This last point 
is deemed so important that we promised to say more about it, 
and would have done so in our last number, but for the failure of 
engravers to reproduce the fine illustration of the Merope nebula 
which is given as the first plate in this number. In our last, we 
referred to the help which photographs of celestial objects gives 
in the study of details, which cannot be obtained so well in any 
other way. We printed some cuts of enlarged photographs of 
the Sun and Moon that our readers might get a fuller idea of the 
value of this means of illustration that could not be so well real- 
ized without them. We also referred to special ways of studying 
the details of sun-spots by the aid of the best drawings that have 
cometoour notice. In that connection we should have said more 
about the study of the prominences and faculae by the aid of pho- 
tographs obtained when the spectroscope is used in connection 
with the telescope. It is known, probably, to most of our read- 
ers, that very fine views of the prominences may be had in this 
way,and that both prominences and faculae can be photographed. 
The pictures that have been already obtained with some special 
forms of instruments are such as to give promise of useful results 
in the study of some important solar phenomena. There is cer- 
tainly photographic power enough in the H.and K. region of the 
spectrum for much aid in pushing our knowledge further in regard 
to some conditions of solar activity. 
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We desire co call attention again to the work of Professor J. E. 
Keeler, Director of Lick Observatory, Mount Hamilton, Califor- 
nia, in photographing some faint nebula by the aid of the 
Crossley reflector. 

The picture which is our first plate, is the Merope nebula. This 
nebula fills a vast region of space around the star of the Pleiades, 
salled Merope. The original negative was exposed four hours, on 
a fair night, but not one of the best. Professor Keeler says that 
the positive (from which our plate is made) does not show the 
small nebula, which is sometimes spoken of as Barnard’s new 
Merope nebula, but that it does appear on the original negative. 
The positive was an enlargement of the original negative to four 
diameters, and our plate is the same size as the positive. 

Our readers who are acquainted with the names and relative 
positions of the naked-eye stars in this group, will easily get the 
scale of the picture by noting the place of the apparently bright 
star above and to the right of Merope, in the midst of the nebula. 
That star is given in Young’s cut, Fig. 229, p. 553 of the last edi- 
tion of General Astronomy, as one of two faint stars nearly half- 
way between Merope and Electra. The other fainter star in the 
same direction from Merope, just on the edge of the plate, is an- 
other star in the little triangle shown inthecut above referred to. 
The space covered by this plate as represented on the cut would 
be a little more than one square inch; or about twenty minutes 
of arc each way, less than one-eighth of the area in the sky which 
the naked eye stars of the Pleiades seem to enclose. 

If we now look at the beautiful plate in its details, we are able 
to geta glimpse of some of the wonders of this remarkable group 
of stars which have been a source of careful study by scholars in 
recent years. 

The first thing noticed in regard to the central star, Merope, is 
the many rays of light that extend outward in all directions. We 
called attention to this in a brief paragraph in the March issue 
of this publication. As there said, we suppose the rays are due 
to the supports of the small mirror in the tube of the telescope. 
But the chief thing of interest is the structure of the nebulous mat- 
ter surrounding Merope. It is at once seen that the exterior mat- 
ter is not related to Merope as a center, in any such way as the 
nebulous masses appear to be in the great Andromeda nebula. 
There the nebulosity seems to fall into rings, more or less distinct- 
ly outlined, suggesting, possibly, rotary motion of the whole 
mass. We do not say that this ring formation gives more than 
a hint of the condition of the nebula in regard to motion. This 
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may or may not be the explanation of the rings that present so 
much of interest in detail, now so well seen in photographs of 
long exposure. In the Merope nebula the nebulous masses do not 
seem to be related. They are in streaks, straight and curved, in 
parallel lines that fade off gradually into faint streamers or dim, 
irregular patches soon lost to view, because they cannot be furth- 
er followed by the power of the sensitive plate to catch the dis- 
tant outlines, rather than the supposition that the end of their 
nebulosity has been reached. In this plate, and in other pictures 
of this nebula, the filiamentary structure of the main mass is very 
distinctly given. As we look at it}thoughtfully we are reminded 
of the penumbra of great and active sun-spots, especially where 
the motion of the granular masses is somewhat evenly directed 
towards the umbra of the sun-spot. Can these striated forms in 
the nebulous masses mean motion? Ifso what kind of motion? 
The fact that some of them point one way and others another 
way, while the different systems of rays appear to be occupying 
the same space nearly is another most perplexing thing. 

We mention a few of these interesting details to call attention 
to the great value of good photographs in the study of astrono- 
my, and especially so if one is charged with the responsibility of 
giving instruction to students. 

This must appear more strongly evident, when we remember 
that the largest telescope now in use will not present to the ex- 
perienced observer so fine a view of the Merope nebula as that 
which is shown in Professor Keeler’s fine negative, from which 
ourcut by three or four intermediate processes has been obtained. 
a 
few years ago there was very lively discussion among prominent 
astronomers about the existence of any Merope nebula at all. In 
1882 Professor Barnard of Yerkes Observatory, then at Nash- 
ville, Tenn , observed the nebula and made a drawing of it, which 
was published in the May number of the Sidereal Messenger. 
That drawing was then and is now correct for the brighter part 


Still more is it astonishing to us, when we remember that only 


of the nebula. But the things we now get by photography have 
so grandly surpassed all visual work, that it is no wonder that 
astronomers are enthusiastic over the new and later methods of 
study. 

We very much wish to bring to the attention of all engaged in 
instruction in the elements of astronomy the great advantage of 
having good large scale photographs as a means of illustration. 
We have recently sent out about fifty of these pictures to those 
ordering them, and it is a pleasure to us to know that in all cases 
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the teachers receiving them have been very free in their words of 
commendation and satisfaction. Putting the price of these large 
astronomical pictures at 75 cents each, barely covers the cost, so 
the undertaking is certainly not renumerative to us. 

We have just received from Dr. William Huggins and Lady 
Huggins of London, England, the finest volumes of spectroscopic 
work we have ever seen in print. It is their own work for years 
past, and it is most beautifully and perfectly executed, in repre- 
senting spectra of celestial objects by the aid of photography. 
If we may get permission to reproduce some of these spectra in 
this publication, we will further tell our readers what may be 
done by photography on a large scale to illustrate the work of 
the spectroscope for the purpose of aid in instruction. 


PHOTOGRAPHING THE CORONA, 
W. B. FEATHERSTONE 


FoR POPULAR ASTRONOMY. 

One of the greatest obstacles to obtaining satisfactory photo- 
graphs of a solar eclipse is the uneven brightness of the corona. 
The parts near the Sun are so much brighter than the outlying 
streamers, that when the latter have been given sufficient expos- 
ure, the central portion of the plate has lost all detail from over- 
timing. The reverse is also true, so that a plate exposed for the 
inner corona and prominences shows but a trace of the outer cor- 
ona and none of the fainter detail. 

Some very good negatives have been made by the use of non- 
halation plates, and by manipulating the plate during develop- 
ment, but it would, of course, be much better if the entire plate 
could be normally exposed at the start. 

The following simple device comes very near making this possi- 
ble, and can be used with a telescope or camera of any size. 

Theoretically it does not provide for a perfectly even exposure, 
as does Mr. Burckhalter’s apparatus, but it does so approxi- 
mately, and this is all that can be accomplished with any device 
of the kind until the relative brightness of the corona at different 
distances from the Sun has been more accurately determined. 

In the diagram LL’ is the objective, PP’ the sensitive plate and 
M the center of the Moon’s image. The points BB’ are distant 
two lunar radii from the Moon’s limb. 

Supposea circular disc DD’, be supported in the position shown, 
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and that its diameter be such that it just occults the lens when 
viewed from M. 

Now gradually move the eye 

1 oe Ce from M toward the edge of the 

Fig. 1. | | Fig.2 field. The illumination increases 

| as more of the lens becomes vis- 

| ible, until at BB’ the plate is ex- 

posed to the full aperture. Out- 

side of this point the corona is 





Ege 
| | so faint that thereis no danger 
| | | of overexposure. 
| When the disc is in the position 
> gg? | p’ | 


DD’, the prominences and the 
| corona near the Moon’s limb 
will be photographed by less 

‘ than one-half of their normal 

light, while the plate at BB’ and 

Ee ot OE. Baha beyond, is exposed to the full 

"ae Fig. 3 —— aperture ofthelens. (Curve X’, 
Fig. 3 

If DD’ be moved toward NM, the 1 

less illumination, while the normally-lighted area will extend in- 

side of BB’ and the light will be cut off less gradually (Curve X’, 


imb of the Moon will receive 


Fig. 3), while the reverse will occur if the disc be moved toward 
the lens. (Curve X’’) 

A second disc in the position EE’, Fig. 2, would cause the par- 
tially lighted region to extend into the outer corona (CC’), and 
would also modify the light-gradient for the inner corona, while 
the prominences would receive the same light as before. (Curve 
Y’, Fig. 3). If, however, it should be placed between DD’ and the 
sensitive plate, it would serve to cut off still more light from the 
region of the Moon’s limb, (Curve Y), and if it be desired to se- 
cure photographs before or after totality, a disc in the position 
FI’ would effectually shield the plate from the intense light of the 
photosphere. (Curve Y’). 

These discs may be mounted on a rod coincident with the optic 
axis of the camera and so arranged as to be readily adjusted from 
the outside. The rod should be supported at the end nearest the 
objective, so that its supports will not affect the image on the 
plate. 

Instead of the round discs, a disc with serrated edges could, of 
course, be used, the size and shape of the notches corresponding 
to the estimated brightness of the corona at different distances 
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fromthe Sun, butin practice it will be found that thediscs must be 
placed so close to the plate for the best results, that a stationary 
disc of any shape other than round will be sure to leaveits silhou- 
ette in the picture. 

Moreover, by using two or three circular discs, almost any gra- 
dation of light can be produced. The diameter of the discs and 
their relative positions will depend on the dimensions of the came- 


: , t f 
ra, but the diameter will usually be between 10 and go OF 11% to 
4. ; 


2 times the diameter of the Moon’s image, and the fundamental! 
position DD’ can be determined by placing the eye in the center 
of the field, when the disc should just occult the objective. 
Another arrangement, described below, is to be preferred for 
several reasons. It not only limits the light from the brighter 
portion of the corona, but can also be made to act as a shutter, 
giving a graduated exposure to suit almost any condition. 
The disc (GG’, Fig. 4), which 
is a trifle larger than the lens, is J 
kept just outside of it, thus dark- 
ening the camera, until the plate 
is ready for exposure. It is then ‘ 
to be gradually moved to the 
position shown in the figure. As 
it recedes from the lens, first the 





outer corona, then the inner cor- ian 
ona and prominences come into 
view, the relative amount of light | 


from each depending upon the 
position of the disc and also upon 

the rate of speed with which it 
is moved to and from its posi- | 
tion. 





The disc should be mounted 
centrally on a rod (R, Fig. 5),co- | 
incident with the optic axis of 


nad ; 
the objective, and this rod may in 
be supported by a double tripod p> gq F#—e 
arranged to fit over the lens-cell 1N 


or telescope tube, (T7’, Fig. 5).  — 
The occulting disc should then 
have the form of a conical shell Pig. 
(HH’) to admit of its fitting closely over the objective. 

With the disc in the position GG’, Fig. 4, the relative amount of 
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light reaching any part of the sensitive plate, is roughly indicated 
by the curve Z, Fig. 6, where P#’ represents the plate, M the 
Moon’s image, and MN the height of the curve should all of the 
light reach the plate. : 

With the disc at HH’, the curve would be somewhat steeper 
(Z’), while it becomes much flatter as the disc is moved toward 
the lens (2’’). Ifa more rapid increase of light toward the outer 
corona is desired, the disc may be moved farther still from the 
lens and the light curve will approximate 2’” 

Other modifications of the light curve can be produced by movy- 
ing the disc back and forth at a variable speed or by changing its 
position several times during the same exposure. The edges of 
the occulting disc may also be notched or serrated, but in that 
event it must either be revolved during exposure or kept quite 
lose to the lens; otherwise its outline will appear on the 
negative 

For every short exposure the movements of the disc may be ac- 
tuated bya spring and bulb release, arranged similar to the ordi- 
lary pneumatic shutter. 

CHICAGO, ILL., 


March 20th, 1900. 


MIGHT A COMET STRIKE THE EARTH. 


POPULAR ASTRONOMY 
What a comet is and whence it comes are questions still wait 
ing to be answered. This seems the m« 


re wonderful when we 
consider that stars, which exhibit but mere points of light, are 
fairly understood, while a comet stretching its magnificent tail 
from zenith to horizon still presents an enigma. That the most 
conspicuous part of a comet is the less substantial part is accept- 
ed as true; the bright head, however, may enclose solid matter, 
as solid as the globe of a planet. And this suggests the query, 
what might happen if a comet should stike the earth: 

Is a collision between a comet and the earth possible? There 
is no reason to doubt it. The planets move in concentric orbits 
about the Sun, their speed imparting to them a centrifugal force 
which keeps them away from the Sun and from each other, while 
the Sun’s attraction on the other hand prevents their slipping 
away into the space and thus crossing each other’s paths; hence 
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we are safe from collision with the planets. The Moon, too, is 
always kept at the safe distance of about 240,000 miles; hence 
she does not threaten our globe. But cometsare strangers. They 
come from outside the solar system. They are here on a visit and 
do not know the ways of the family. And their path is very dif- 
ferent from those followed by the planets. If it be in the same 
plane with the planets, instead of its being a great and nearly 
even circle about the Sun, it appears first as almost a straight 
line toward the Sun, bending more and more rapidly about that 
body, however, until the direction has been reversed; and aow, 
following a similar path, the comet hastens away to more or less 
nearly the same region of the heavens from which it came, and 
so, having left the solar system, disappears from view. In mak- 
ing this journey the comet has crossed the orbits or paths of all 
the planets. It has not stopped to see whether the planets were 
due at the crossing points at the time when itself was coming. 
There are no signals to prevent both trains from trying to cross 
at the same moment, and if they do, something will happen. If 
the planet in question be the Earth, the Earth will in such a case 
be struck. 

But if a comet struck the Earth, then what? Even if a comet’s 
head be solid, it isnot large, and there being twice as much water 
as land on our globe, the probabilities would be two to one that 
the comet would be lost in the bosom of the ocean. There being 
also vast stretches of uninhabited land, the probabilities greatly 
increase that the part of the Earth struck by the comet would 
be without population. Besides this, if the comet should strike 
where man dwells, the catastrophe would probably be only a 
local one, like that produced by an earthquake or a cyclone. 

The next thing to give assurance is that the Earth is surround- 
ed bya buffer in the form of an atmosphere, which reaches proba- 
bly two hundred miles or more in every direction into space. If 
any foreign body be making for the Earth, it must first pass 
through this and be retarded by it. The heat generated by this 
concussion with our atmosphere consumes most of our meteors, 
so that they are turned into gas and seldom reach the ground in 
solid form. Even in the immensely cold spaces of the heavens, 
while still many millions of miles from the Sun, as they approach 
that central body, its slight heat vaporizes comets so as to gen- 
erate what we call their “tails.””. This demonstrates how readily 
they areturned into thin gas, and suggests how the vastly greater 
heat developed by concussion with the Earth’s atmosphere might 
speedily consume them in their very act of endeavoring to impinge 
upon the Earth. 
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Now, it is known that when a comet enters our solar system it 
is not making for a planet, but for the Sun. The Sun is the center 
of attraction for a visiting comet as well as for the various plan- 
ets. A comet may indeed come from any possible direction, and 
thus not cross any of the orbits of the planets; but supposing 
it to cross the orbit of the Earth, as it might; that orbit is 
likearace track, about 560,000,000 miles around, which distance 
the Earth travels in one year. The Earth is flying over this course 
at the rate of 1,100 miles per minute. Let any one compute what 
are the probabilities of its being struck by a single body, moving 
with perhaps equal speed, which chances to cross its track. The 
Earth is but a speck of matter, while the nucleus of a comet is 
much smaller. Two boys throwing balls ateach other might bet- 
ter expect that the balls would meet in the air; yet, what boys 
have the skill to bring this to pass? As Professor Newcombsays, 
firing agunatrandom intheair might better be expected to bring 
down a bird than that it should be feared that a comet would 
ever strike the Earth. 

The improbability of collision is the greater in view of the fact 
that comets, which make for the Sun, succeed in getting away 
again without a collision. We have had comets nearer the Sun 
than the nearest of all the planets, and yet they have harmlessly 
swung about that body and fled back into space. How much 
less, then, can they be expected to impinge upon the Earth. 
The Earth itself periodically draws many thousands of miles 
nearer the Sun, but as surely withdraws into space once more, 
and always unharmed. God has endowed the heavenly bodies with 
a momentum which, while it sometimes appears threatening, is 
really their safety. The nearer a comet approaches the Sun, it is 
hurried more and more rapidly so that it is less and less possible 
for the Earth’s attraction so to deflect it from its course as to 
produce a collision. Had we no atmosphere to retard its move- 
ment, acannon ball fired at a speed of seven miles asecond would 
keep up a perpetual orbit about the Earth. Perrine’s comet in 
1896 was estimated to be approaching at the rate of 1,600,000 
a day, which is about eighteen miles a second—more than twice 
as great as necessary to ensure that a cannon ball will not touch 
the ground. What probability, therefore, that the more swiftly 
coursing comet will strike the Earth? 

The probability of collision with the comet’s head is small, be- 
cause the head itself is small. The tail presents a far larger de- 
gree of probability of collision. But so thin is the matter making 
up the tail that the faintest stars can be seen through a million 
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miles of it. Thisis evidently generated like steam from the comet’s 
head. But there is more danger in a smoky day in the manufac- 
turing districts of Chicago and Pittsburg than there is in passing 
through the tail of acomet. Of the lost Biela’s comet, Professor 
Newcomb says: “It had seemingly vanished, not into thin air, 
but into something of a tenuity compared with which the thin- 
nest air was as a solid millstone.’’ He also declares that “‘ the 
amount of matter really necessary to make the most splendid tail 
is so extremely small that a comet might lose it a hundred times 
over without becoming perceptibly smaller.’’ As a matter of 
fact, the Earth has probably a number of times passed through a 
comet’s tail, as in 1861, when the only visible effect was a singu- 
lar phosphorescent mist. 

Beyond and above all these considerations, we may well assure 
ourselves that, while we are under a reign of law, all laws are 
God’s, and no law supersedes His sovereign will. No student of 
either the Bible or history can believe for one moment that the 
world’s and man’s existence in this world are without a plan. 
Nor can any careful observer believe for one moment that that 
plan has yet been fulfilled, so far as the human race is concerned. 
God will hold things in place till the Earth is redeemed. When 
the end comes, it will be within His power, if He so choose, to 
produce all its startling conditions by the simple effacing of a sin- 
gle law, namely, that of centrifugal force; this is what keeps all 
the worlds safely apart. If this law were suspended, gravity 
would have full sway, and all the worlds would rush together in 
aseries of awful concussions which would literally fulfill the Word 
which says, ‘‘ The heavens shall pass away witha great noise, 
and the elements shall melt with fervent heat; the Earth also, 
and the works that are therein shall be burned up.’’ Happy are 
we if,in the midst of all the possibilities and certainties of the uni- 
verse in which we dwell, we can say, “ Nevertheless, we, according 
to His promise, look for new heavens and a new Earth, wherein 
dwelleth righteousness.”’ 

BROOKLYN, N. Y., 4281! Clinton Street. 


THE MOON HOAX. 


S. A. MITCHELL. 
For POPULAR ASTRONOMY. 
Throughout all ages of the world’s history, there has been a 
tendency in the human mind to grasp after the new, the sensa- 
tional and the mysterious; and to foster this inclination, there 
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57 
have always been plenty of men ready and willing to devote their 
time to the making of so-called new and wonderful discoveries. 

Astronomy, the most ancient of all the sciences, has been singu- 
larly free from attempts to pander to this craving on the part of 
man. The human mind, as arule, has regarded reverently the 
discoveries in astronomy, but some instances of sensationalism 
have crept even into this grand old science 

While looking through the Struve library, which was obtained 
by Columbia University not long since, I ran across a pamphlet 
which is thoroughly interesting, although the matter contained 
is extremely surprising. This is the celebrated ‘‘ Moon Hoax.” 
This work obtained a great notoriety about the middle of the 
century, andinthe hopethatit may still be interesting to astrono- 
mers, these few pages are written. 

Early telescopic observations of the moon were conducted with 
the confident expectation that the moon would be found to be 
an inhabited world, and that much would soon be learned ef the 
manners and appearance of the Lunarians. With each increase 
of telescopic power a new examination was made, and it was 
only when the elder Herschel’s great reflector failed to show any 
inhabitants on the face of the moon, that men began to look in 
doubt and think that perhaps the examination was hopeless. 
Herschel, himself, seemed to be of the opinion that the moon was 
inhabited, for, after describing the relations, physical and season- 
al, that prevailed on the surface of the moon, he adds: ‘‘ There 
only seems wanting, in order to complete the analogy, that it 
should be inhabited like our earth.”’ 

When Sir John Herschel carried his giant reflector to the Cape 
of Good Hope, the hope was renewed that he might be able to 
tell us something about the inhabitants of the moon. In fact, so 
confidently was this hope entertained, that when the ‘‘ Moon 
Hoax” appeared about this time, purporting to be ‘‘ Great As- 
tronomical Discoveries, lately made by Sir John Herschel, LL. D., 
F. R. S., &c, at the Cape of Good Hope,” there were many 
people who took every word of these wonderful discoveries in 
good faith, and were firmly convinced that the moon was inhab- 
ited. 

The full title of this extraordinary little pamphlet is: ‘‘ The 
Moon Hoax; or, The Discovery that the Moon has a Vast Popu- 
lation of Human Beings, by Richard 4dams Locke.’’ New York, 
1859. The publisher tells us that it was first published in the 
‘‘New York Sun” in August and September 1835, and that the 
interest in the discovery was so intense that the circulation of the 
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paper augmented five fold, and these articles, in fact, were the 
means of giving the journal a permanent footing as a daily news- 
paper. ‘Nor did this multiplied circulation of the paper satisfy 
the public appetite. The proprietors of the journal had an edi- 
tion of 60,000 published in pamphlet form, which was sold off in 
less than a month.”’ 

It seems best to let this unique little book tell its story as near- 
ly as possible in its own language. The author, Locke, tells us 
that he is ‘“‘indebted to Dr. Andrew Grant for the almost exclusive 
information concerning the facts.’”’ Dr. Grant was the “ pupil of 
the elder, and for several years past, the inseparable coadjutor of 
the younger Herschel, the amanuensis of the latter at the Cape 
of Good Hope, and the indefatigable superintendant of his tele- 
scope during the whole period of its construction and operation.”’ 

The story is told, in part, as follows: 

“We are assured that when the immortal philosopher to whom 
mankind is indebted for the thrilling wonders now first made 
known, had atlength adjusted his new and stupendous apparatus 
with a certainty of success, he solemnly paused several hours be- 
fore hecommenced his observations, that he might prepare hisown 
mind for discoveries which he knew would fill the minds of my- 
riads of his fellow-men with astonishment, and secure his name a 
bright, if not transcendant conjunction with thatof his venerable 
father, to all posterity. And well might he pause! From the 
hour the first human pair opened their eyes to the glories of the 
blue firmament above them, there has been no accession to human 
knowledge at all comparable in sublime interest to that which 
he has been the honored agent in supplying. Well might he 
pause! He was about to crown himself with a diadem of knowl- 
edge which would give him a conscious pre-eminence above every 
individual of his species who then lived, or had lived in the genera- 
tions that are passed away. He paused ere be broke the seal of 
the casket which contained it. To render our enthusiasm intelligi- 
ble, we will state at once that by means of a telescope of vast di- 
mensions, andan entirely new principle, the younger Herschel, at 
his Observatory in the Southern Hemisphere has already madethe 
most extraordinary discoveries in every planet of our solar sys- 
tem; has discovered planets in other solar systems; has obtained 
a distinct view of objects in the moon, fully equal to that which 
the unaided eye commands of terrestrial objects at a distance of 
a hundred yards; and has affirmatively settled the question 
whether this satellite be inhabited. 

The elder Herschel, several years before his death, conceived it 
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practicable to construct an improved series of parabolic and spher- 
ical reflectors, which, unite all the meritorious points in the Greg- 
erian and Newtonian instruments, with the highly interesting 
achromatic discovery of Dollond. His plan evinced the most pro- 
found research in optical science, and the most dextrous ingenui- 
ty in mechanical contrivance; but accumulating infirmaties, and 
eventually death, prevented its experimental application, His 
son, Sir John Herschel, was so fully convinced of the value of the 
theory, that he determined upon testing it at whatever cost. 
Within two years of his father’s death he completed his new ap- 
paratus, and adapted it to his father’s telescope. He found that 
the magnifying power of 6,000 times, when applied to the moon, 
which was the severest criterion that could be accepted, produced, 
under these new reflectors a focal object of exquisite distinctness, 
free from every achromatic obscurity, and containing the highest 
degree of light which the great speculum could collect from that 
luminary. Yet the advance he had made in the knowledge of this 
planet, though magnificent and sublime, was thus but partial and 
unsatisfactory. A law of nature, and the finitude of human skill, 
seemed united in inflexible opposition to any further improvement 
in telescopic science, as applicable to the known planets and 
satellites of the solar system, for unless the sun could be prevailed 
upon to extend a more liberal allowance of light to these bodies, 
and they be induced to transfer it for the generous gratification 
of our curiosity, what adequate substitute could be obtained ? 
Telescopes do not create light, they cannot even transmit unim- 
paired that which they receive. That anything further could be 
derived from human skill in the construction of instruments, the 
labors of his illustrious predecessors, and his own, left the son of 
Herschel no reason to hope. 

The limits of discovery in the planetary bodies, and in this one 
especially, thus seemed to be immutably fixed. But about three 
years ago, in the course of a conversational discussion with Sir 
David Brewster on the invincible enemy of powerful magnifiers, 
the paucity of light, Sir John diffidently inquired whether it would 
not be possible to effect a transfusion of artificial light through 
the focal object of vision! Sir David, somewhat startled at the 
originality of the idea, paused awhile, and then hesitatingly re- 
ferred to the refrangibility of rays, and the angle of incidence. 
Sir John, grown more confident, adduced the example of the 
Newtonian reflector, in which the refrangibility was corrected by 
the second speculum, and the angle of incidence restored by 
the third. ‘‘And,’’ continued he, ‘‘ why cannot the illuminated 
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microscope, say the hydro-oxygen, be applied to render distinct, 
and, if necessary, even to magnify the focal object ?’’ Sir David 
sprang from his chair in an ecstacy of conviction, and leaping 
half-way to the ceiling exclaimed, ‘‘ Thou art the man!’ Each 
philosopher anticipated the other in presenting the prompt illus- 
tration that, if the rays of the hydro-oxygen microscope passed 
through a drop of water containing the larve of a gnat and 
other objects invisible to the naked eye, rendered them not only 
keenly but firmly magnified to dimensions of many feet ; so could 
the same artificial light, passed through the faintest focal image 
of a telescope, both distinctify [to coin a new word for an extra- 
ordinary occasion], and magnify its feeblest members. The only 
desideratum was a recipient for the focal image which should 
transfer it, without refranging it, to the surface on which it was 
to be viewed under the revivifying effect of the microscopic reflec- 
tors. Inthe various experiments made in the few following weeks, 
the co-operative philosophers decided that a medium of the purest 
plate glass was the most eligible they could discover. It answered 
perfectly with a telescope which magnified 100 times, and a mi- 
croscope of about thrice that power. 

Sir John Herschel then conceived the stupendous fabric of his 
present telescope. The power of his father’s instrument would 
still leave him distant from his favorite planet nearly forty miles, 
and he resolved to attempt a greater magnifier. Sir John had 
submitted his plans and calculations in adaptation to an object 
glass of twenty-four feet in diameter; just six times the size of his 
venerable father’s. For casting this ponderous mass, he selected 
the large glass house of Messrs. Hartly & Grant (the brother of 
our invaluable friend, Dr. Grant), at Dumbarton. The material 
chosen was an amalgamation of two parts of the best crown 
with one of flint glass, the use of which, in separate lenses, consti 
tuted the great achromatic discovery of Dollond. It had been 
found, however, by accurate experiments, that the amalgam 
would as completely triumph over every impediment, both from 
refrangibility and discoloration, as the separate lenses. Five fur- 
naces of metal, carefully collected from productions of the manu- 
factory, in both kinds of glass, and known to be respectively of 
nearly perfect homogeneous quality, were united by one grand 
conductor to the mould; and on the third of January, 1833, the 
first cast was effected. After cooling eight days the mould was 
opened, and the glass found to be greatly flawed within eighteen 
inches of the center. Notwithstanding this failure, a new glass 
was more carefully cast on the twenty-seventh of thesame month, 
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which on being opened during the first week in February. was 
found to be immaculately perfect, with the exception of twoslight 
flaws so near the line of its circumference that they could be cov- 
ered by the copper ring in which it was desired to be enclosed. 

The weight of this prodigious lens was 14,826 pounds, or near- 
ly seven tons, after being polished; and its estimated magnifying 
power was 42,000 times. It was therefore presumed to represent 
objects on our lunar surface a little more than eighteen inches in 
diameter, provided its focal image of them could be rendered dis- 
tinct by the transfusion of artificial light. It was not, however, 
upon the mere illuminating power of the hydro-oxygen micro- 
scope, as applied to the focal pictures of this lens, that the younger 
Herschel depended for the realization of his ambitious theories 
and hopes. Hecalculated largely upon the almost i!limitable ap- 
plicability of this instrument as a second magnifier, which would 
supersede the use and infinitely transcend the powers of the high- 
est magnifiers in reflecting telescopes. 

So sanguinely did he calculate upon the advantages of this 
splendid alliance, that he expressed confidence in his ultimate 
ability to study even the entomology of the moon in case she con- 
tained insects upon her surface! 

Having witnessed the completion of this great lens, his next 
care was to construct a suitable microscope, and the mechanical 
frame-work for the horizontal and vertical action of the whole. 
His plans in every branch of his undertaking having been intense- 
ly studied, even to their minutest details, were easily and rapidly 
executed. He awaited only the appointed period at which he was 
to convey his magnificent apparatus to its destination, the Cape 
of Good Hope. 

The ground plan for the mounting is in some respects similar to 
that of the Herschel telescope in England. The observatory is a 
wooden building fifty feet square and as many high, with a flat 
roof. This is brought by means of parallel circles of railroad iron 
to the required position with respect to the lens. The 
lens, which is inclosed in a frame of wood, and braced to its cor- 
ners by bars of copper, is suspended upon an axis between two 
pillars which are nearly as high as those which supported the 
celebrated quadrant of Uleg Beg, being one hundred and fifty feet. 
Between the pillars is a double capstan for hoisting the lens from 
its horizontal line to the height required by its focal distance when 
turned to the meridian, and for elevating it to any intermediate 
degree of altitude that may be needed. Having no tube, it is con- 
nected with the observatory by two horizonta! levers, which pass 
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beneath the floor of the building from the circular base of the pil- 
lars. * * * * The field of view, therefore, whether exhibited 
on the floor or on the wall of the apartment, has a diameter of 
nearly fifty feet, and being circular it has an area of 1875 feet. 

It was about half-past nine on the night of January 10th, the 
moon heaving advanced within four days of her mean libration, 
that the astronomer adjusted his instruments for the inspection 
of her eastern limb. The whole immense power of the telescope 
was applied, and to its focal image about one-half the power of 
the microscope. We gazed upon the shores of the Mare Nubium 
of Riccoli; but why he so termed it, unless in ridicule of Cleome- 
des, I know not, for fairer shores never angels coasted on a tour 
of pleasure. A beach of brilliant whitesand, girt with wild castel- 
lated rocks, apparently of green marble, varied by chasms occur- 
ing every two or three hundred feet, with grotesque blocks of 
chalk or gypsum, and feathered or festooned at the summit with 
the clustering foliage of unknown trees, moved along the bright 
wall of our apartment until we were speechless with admiration. 
The water, wherever we had a view of it, was nearly as blue as 
that of the deep ocean, and broke in large white billows upon the 
strand. Our panting hopes were soon to be blest with specimens 
of conscious existence, for, beneath the shade of the luxurious 
trees we beheld our first animal. It was of a bluish color, about 
the size of a goat, with a head and beard like him, and a single 
horn, slightly inclined forward from the perpendicular. The fe- 
male was destitute of the horn and beard, but had a much longer 
tail. It was gregarious and chiefly abounded on the acclivitous 
glades of the woods. In elegance of symmetry it rivaled the an- 
telope, and like him it seemed an agile sprightly creature, running 
with great speed, and springing from the green turf with all the 
unaccountable antics of a young lamb or kitten. This beau- 
tiful animal afforded us most excellent amusement. Frequently, 
when attempting to put our fingers upon its beard, it would sud- 
denly bound away into oblivion, as if conscious of our earthly 
impudence; but then others would appear, whom we could not 
prevent nibbling the herbage, say or do what we would to them. 

We soon came across a beautiful valley, and found a large 
branching river, abounding with lovely islands, and water birds 
of numerous kinds. A species of gray pelican was the most num- 
erous, but a black and white crane, with unreasonably long legs 
and bill, was also quite common. Near the upper extremity of 
one of these islands we obtained a glimpse of astrange amphibious 
creature, which rolled with great velocity across the pebbly beach, 
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and was lost sight of in the strong current which set off from this 
angle of the island. We were compelled, however, to leave this 
prolific valley unexplored, on account of clouds which were evi- 
dently accumulating in the lunar atmosphere, our own being per- 
fectly translucent. But this was of itself an interesting discovery, 
for more distant observers had questioned or denied the existence 
of any humid atmosphere in this planet. The moon being low in 
her descent, Dr. Herschel decided that it was useless to carry our 
labors further, especially as our minds were actually tired with 
the excitement of the high enjoyment we had partaken. 

Our next night of observation was a beautiful clear night, and 
we set to our work filled with expectancy. While gazing av the 
landscape in the Valley of the Unicorn we were thrilled with as- 
tonishment to perceive four successive flocks of large-winged crea 
tures, wholly unlike any kind of birds, slowly descend trom the 
cliffs and alight upon the plain. These were first noticed by Dr. 
Herschel, who exclaimed, “‘ Now, gentlemen, my theories against 
your proofs. We have here something worth looking at. I was 
confident that if ever we found beings in human shape, it would 
be in this longitude, and that they would be provided by their 
Creator with some extraordinary powers of locomotion.’”’ Intro- 
ducing a lens of higher power, we perceived that certainly they 
were like human beings, for their wings had now disappeared 
and their attitude in walking was both erect and dignified. 
By our lens, we could bring them to an apparent proximity of 
eighty yards. They averaged four feet in height, were covered, 
except on the face, with short and glossy copper-colored hair, and 
had wings of thin membrane, without hair, lying snugly upon 
their backs, from the top of the shoulders to the calves of the legs. 
The face, which was of a yellowish flesh color, was a slight im- 
provement upon that of the large orang outang, being more open 
and intelligent in its expression, and having a much greater ex- 
pansion of forehead. The mouth, however, was very prominent, 
though somewhat relieved by a thick black beard upon the lower 
jaw, and by lips far more human than any species of the simia 
genus. In general symmetry of body and limbs, they were far 
superior to the orang outang. The hair onthe head wasa darker 
color than that of the body, closely curled, but apparently not 
woolly, and arranged in curious semi-circles over the temples of 
the forehead. Their feet could be seen as they were alternately 
lifted in walking, but, from what we could see of them in so tran- 
sient a view, they appeared thin and very protuberant at the 
heel. Whilst passing across the canvas, and whenever we after- 
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wards saw them, these creatures were evidently engaged in con- 
versation, their gesticulation, more particularly the varied action 
of their hands and arms, appeared impassioned and emphatic. 

Turning from these creatures, we surveyed the shores of the 
Mare Serenetatis, which is nearly square, being about 330 miles 
in length and width. This sea has one most extraordinary pecu- 
liarity, which is a perfectly straight range of hills, certainly not 
more than five miles wide. This singular ridge is perfectly sui 
generis, being altogether unlike any mountain chain either on this 
earth or on the moon itself. Our lens brought it within the small 
distance of 800 yards. Nothing we had hitherto seen more high- 
ly excited our astonishment. Believe it, or believe it not, it was 
one entire crystallization! Its edge through its whole length of 
340 miles is an angle of solid quartz crystal, brilliant as a piece 
of Derbyshire spar just brought from a mine, and containing 
scarcely a fracture or a chasm from end to end! 

But our eyes were still further gladdened by the sight of more 
inhabitants. These seemed to beof thesame species as our winged 
friends, and having adjusted the instrument for a more minute 
examination, we found that nearly all the individuals of several 
large groups we saw were of alargerstature than the former speci- 
mens, less dark in color, and in every respect an improved variety 
of the race. They were chiefly engaged in eating a large yellow 
fruit like a gourd, sections of which they divided with their fin- 
gers, and ate with rather uncouth voracity, throwing away the 
rind. They seemed eminently happy, and even polite, for we saw, 
in many instances, individuals sitting nearest these piles of fruit 
select the largest and brightest specimens and throw them arch- 
wise to some opposite friend or associate who had extracted the 
nutriment from those scattered around him, and which were fre- 
quently ~ot a few. While thus engaged in their rural ban- 
quets, or in social converse, they were always seated with their 
knees flat upon the turf, and their feet brought evenly together in 
the shape of a triangle, and for some mysterious reason or other, 
this figure seemed to be an especial favorite among them; for we 
found that every group or social circle arranged itself in this 
shape before it dispersed, which was generally done at the signal 
of an individual who stepped into the center and brought his hands 
over his head in an acute angle. At this signal each member of 
the company extended his arms forward so as to form an acute 
horizontal angle with the extremity of the fingers. But this was 
not the only proof that they were creatures of order and subordi- 
nation. * * * * But although evidently the highest order of 
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animals in this lovely valley, they were not its only occupants. 
The most attractive of the quadrupeds was a tall white stag, 
with lofty spreading antlers, black asebony. Weseveral timessaw 
this beautiful creature trot up to the parties of semi-human be- 
ings, and brouse the herbage close beside them, without the least 
manifestation of fear on its part or notice on theirs. This univer- 
sal state of amity among all classes of lunar creatures, and the 
apparent absence of every carniverous or ferocious species, gave 
us the most refined pleasure and doubly endeared tous this lovely 
nocturnal companion of our larger, but less favored world. 

During the month of March we were able to get some more ob- 
servations, and while looking at the noble valleys at the foot of 
Atlas we found a very superior species of Lunarian. In stature 
they did not exceed those last described, but they were of infinitely 
greater personal beauty, and appeared in our eyes scarcely less 
lovely than the general representation of angels by the more im- 
aginative schools of painters. Their social economy seemed to be 
regulated by laws and ceremonies like the former beings seen, but 
their works of art were more numerous, and displayed a profi- 
ciency of skill quite incredible to all except actual observers. | 
shall therefore let the first detailed account of them appear in Dr. 
Herschel’s authenticated natural history of this planet.”’ 


This is the ‘‘Moon Hoax,” with its flowery descriptions of 
planet and animal life on our satellite. 

How much of these ‘‘discoveries’’ did the people back in the 
thirties and forties believe? This we can guage by quoting a few 
ot the press criticisms as given in the contemporary daily New 
York papers 

‘No article, we believe, has appeared for years that will com- 
mand so general a perusal and publication.’’—Daily Advertiser 

“It appears to carry intrinsic evidence of being an authentic 
locument.’’—Mercantile Advertiser. 

“It isquite proper that the Sunshould be the means of shedding 
so much light on the Moon ’’—N. Y. Evening Post. 

‘The account of the wonderful discoveries in the moon are all 
probable and plausible, and have an air of intense versimilitude.”’ 
—N. Y. Times. 

This hoax was published in serial form in the Sun from August 
25 to 31st, inclusive.* About the same time there appeared three 
French translations at ‘ aris.one at Bordeaux, and Italian trans- 


* The writer has seen the original copies of the ° 


‘Sun"’ containing the ‘‘ Great 
Astronomical Discoveries,’’ &c. 
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lations at Parma, Palermo and Milan. A ‘‘second edition” of 
this pamphlet was published in London, 12mo., 1836. 

The authorship of this article was attributed to Richard Adams 
Locke, at that time the editor of the New York Sun. But besides 
the great fluency of style and the masterful command of the En- 
glish language shown by the ‘‘ Moon Hoax,”’ there is evinced in 
this article so accurate a knowledge of astronomical facts, even 
to the most scientific details, that it is evident none but an as- 
tronomer of more than ordinary ability could have written it 
This Locke certainly was not. After severing his connection with 
the Sun, Lockeedited the New Era,and soon after, there appeared 
in this periodical another hoax, ‘“‘The Lost Manuscript of Mungo 
Park,’ also by Locke. This, however, while showing the same 
peculiarities in style as the ‘‘ Moon Hoax,” lacked greatly the 
bold and daring conception in the plot of the latter, and as a re- 
sult secured very little notoriety. It would seem, therefore, that 
there had been some bolder and more learned spirit than Locke’s 
which had conceived the plot of the ‘‘ Moon Hoax,”’ and supplied 
the editor of the Sun with the astronomical facts necessary for 
the construction of the article. Dr. Andrew Grant, alluded to in 
the text, seems to be as evanescent as the lunarians. But who, 
then, with such an idea and the knowledge for its development, 
would be content to give it to another and remain himself un- 
known? And what could be his reason for so doing? Weseem 
to find this man in the person of M. J.N. Nicollet, a noted French 
astronomer, who, for some unknown cause, had been compelled 
to leave France and seek refuge in America. This astronomer, in 
connection with MM. Brousseaud and Bouvard, was the au- 
thorof an important memoir, ‘Sur la Libration de la Lune;”’ and 
in Amer. Phil. Soc. Trans., Vol. VIII, 1842, pp. 306-310, we have 
a work of his, published under the title of ‘‘Observations Made 
at Several Places in the United States.’”” With Nicollet as the au- 
thor, we find an explanation of the precise astronomical knowl- 
edge shown in our article, and especially the frequent use of the 
term ‘“‘libration’’ in his descriptions of the moon. But we do not 
see any apparent reason why Nicollet should be willing to allow 
another to appear as the author of any of his articles. There are, 
however, a couple of stories about him which perhaps will throw 
a little light on this question. One story is that Nicollet was a 
fugitive from Paris, taking some money that did not belong to 
him, and that his ‘* Moon Hoax”’ was published in America, sim- 
ply for the purpose of earning him some money, and being a 
Frenchman, he obtained Locke’s help to put the story into pol- 
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ished English. Another, and a more probable story is, that by 
his hoax, Nicollet endeavored to entrap his enemy, the astrono- 
mer, Arago, in which hesucceeded, Arago circulating the wonderful 
story through Paris until Nicollet, in a letter to M. Bouvard ex- 
plained the hoax. With this for a motive, it can be easily seen 
that Nicollet would not care to have the hoax appear over his’ 
signature, or allow any hint as to his identity to appear in the 
article. 

It thus appears almost an assured fact that Nicollet, through 
the medium of Locke, was the real author of the ‘‘ Moon Hoax,”’ 
and that it is to him we are indebted for these very interesting 
‘‘astronomical discoveries.”’ 
CoLuMBIA UNIVERSITY, 

March 15, 1900. 


NON-EUCLIDEAN GEOMETRY. 


GEORGE BRUCE HALSTED 
For POPULAR ASTRONOMY. 

In writing of ‘‘ The Wonderful Century,’’ Alfred Russel Wallace 
says of all time before the seventeenth century: ‘‘ Then, going 
backward, we can find nothing of the first rank except Euclid’s 
wonderful system of geometry, perhaps the most remarkable 
mental product of the earliest civilizations.”’ 

But of late all men of science and intelligent teachers have been 
hearing more and more of non-Euclidean geometry, and are nat- 
urally anxious to know how these new doctrines are related to 
the traditional geometry which they were taught and perhaps 
now are teaching. 

The new departure is absolutely epoch-making, but fortunately 
it has intensified admiration for that imperishable model, al- 
ready in dim antiquity a classic, the immortal Elements of Euclid. 

But without assumptions nothing can be proved, and Euclid 
stated his assumptions with the most painstaking candor. He 
would have smiled at the suggestion that he could ever claim for 
his conclusions any other truth than perfect deduction from as- 
sumed hypotheses. 

And so his system is forever safe. Should each one of his ax- 
ioms turn out to be inconsistent with external reality; should 
ach of his fundamental assumptions be replaced in our final 
explanation of the space in which we live and move; in refer- 
ence to our space, should all his theorems be shown to be only 
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approximations; yet his work will remain a perfect piece of pure 
mathematics, the exact, eternal geometry of Euclidean space. 

For two thousand years no one ever doubted the truth of any 
one of this set of axioms, far the most influential in the intel- 
lectual history of the world, put together by Euclid in Egypt, 
but really owing nothing to the Egyptian race, nothing to the 
boasted lore of Egypt’s priests. 

The Papyrus of the Rhind, belonging to the British Museum, 
but given to the world by the erudition of a German Egyptolo- 
gist, Eisenlohr, and a German historian of mathematics, M. 
Cantor, gives us more knowledge of the state of mathematics 
in ancient Egypt than all else previously accessible to the mod. 
ern world. Its whole testimony confirms with overwhelming 
force the position that geometry as a science, strict and self- 
conscious deductive reasoning, was created by the subtle intel- 
lect of the same race whose bloom in art still overawes us in the 
Venus of Milo, the Apollo Belvidere, the Laocoén. 

But though for twenty centuries the truth of the axioms of the 
Greek geometer remained unquestioned, there was one of them 
of which the axiomatic character was doubted even from far 
antiquity. Elementary geometry was for two thousand years 
as stationary, as fixed, as peculiarly Greek as the Parthenon, 
But among Euclid’s assumptions is one differing from the others 
in prolixity, whose place fluctuates in the manuscripts. 

Peyrard, on the authority of the Vatican MS., puts it among 
the postulates, and it is often called the parallel-postulate. 
Heiberg, whose edition of the Greek text is the latest and best 
(Leipzig, 1883-1888), gives it as the fifth postulate. 

James Williamson, who published the closest translation of 
Euclid we have in English, indicating, by the use of italics, the 
words not in the original, gives this assumption as eleventh 
among the Common Notions. 

Bolyai speaks of it as Euclid’s Axiom XI. 

Todhunter has it as twelfth of the Axioms. 

Clavius (1574) gives it as Axiom 13. 

The Harpur Euclid separates it by forty-eight pages from the 
other axioms. 

It is not used in the first twenty-eight propositions of Euclid. 
Moreover, when at length used, it appears as the inverse of a 
proposition already demonstrated, the seventeenth, and is only 
needed to prove the inverse of another proposition already dem- 
onstrated, the twenty-seventh. 

Geminos of Rhodes (about 70 B. C.) speaks of it as needing 
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proof. The astronomer Ptolemy (A. D. 87-165) tried his hand 
at proving it. 

The great Lambert expressly says that Proklos demanded a 
proof of this assumption because when inverted it is demon- 
strable. 

The Arab Nasir-Eddin (1201-1274) tried to demonstrate it. 

No one had a doubt of the necessary external reality and exact 
applicability of the assumption. Until the present century the 
Euclidean geometry was supposed to be the only possible form 
of space-science; that is, the space analyzed in Euclid’s axioms 
was supposed to be the only non contradictory sort of space. 

But could not this assumption be deduced from the other as- 
sumptions and the twenty-eight propositions already proved by 
Euclid without it? Euclid demonstrated things more axiomatic 
by far. He proves what every dog knows, that any two sides of 
a triangle are together greater than the third. 

Yet after he has finished his demonstration, that straight lines 
making with a transversal equal alternate angles are parallel, in 
order to prove the inverse, that parallels cut by a transversal 
make equal alternate angles, he brings in the unwieldy assump- 
tion thus translated by Williamson (Oxford, 1781): 

“II. And if a straight line meeting two straight lines make 
those angles which are inward and upon the same side of it less 
than two right angles, the two straight lines being produced in- 
definitely will meet each other on the side where the angles are 
less than two right angles.”’ 

As Staeckel says, ‘‘it requires a certain courage to declare such 
a requirement, alongside the other exceedingly simple assump- 
tions and postulates.”’ 

In the brilliant new light given by Bolyai and Lobachevski, we 
now see that Euclid understood the crucial character of the ques- 
tion of parallels. 

There are now for us no better proots of the depth and syste- 
matic coherence of Euclid’s masterpiece than the very things 
which, their cause unappreciated, seemed the most noticeable 
blots on his work. 

Sir Henry Savile, in his Praelectiones on Euclid, Oxford, 1621, 
p. 140, says: ‘In pulcherrimo Geometriae corpore duo sunt 
naevi, duaelabes .. . ” etc., and these two blemishes are the 
theory of parallels and the doctrine of proportion; the very 
points in the Elements which now arouse our wondering admira- 
tion. 


But down to our very nineteenth century an ever renewing 
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stream of mathematicians tried to wash away the first of these 
supposed stains from the most beauteous body of Geometry. 

The attempts may be divided into three classes: First, those 
in which is taken a new definition of parallels. Second, those in 
which is taken a new axiom different from Euclid’s. Third, the 
largest and most desperate class of attempts, namely, those 
which strive to deduce the theory of parallels from reasonings 
about the nature of the straight line and plane angle. Hun- 
dreds of mathematicians tried at this. All failed. That em- 
inent man, Legendre, was trying at this, and continually failing 
at it, throughout his very long life. Thus the experience of two 
thousand years went to show that here some assumption was 
indispensable. Every species of effort was made to avoid or 
elude it, but without success. From a letter of Gauss we see 
that in 1799 he was still trying to prove that Euclid’s is the 
only non-contradictory system of geometry, and that it is the 
system regnant in the external space of our physical experience. 
The first is false; the second can never be proven. 

Yet even in 1831 the acute logician, De Morgan, accepted and 
reproduced a wholly fallacious proof of Euclid’s assumption, re- 
cently republished, Chicago, 1898. 

A like pseudo-proof published in Crelle’s Journal (1834) de- 
ceived even our well known Professor W. W. Johnson, who 
translated and published it in the Analyst (Vol. III, 1876, p. 
103), saying, ‘‘this demonstration seems to have been generally 
overlooked by writers of geometrical text-books, though appar- 
ently exactly what was needed to put the theory upon a perfectly 
sound basis.” 

The most interesting and perhaps the most extended of such 
attempted proofs was by the Italian Jesuit Saccheri, born the 
fifth of September, 1667, who joined the Society of Jesus 
at Genoa, on the twenty-fourth of March, 1685. He _ he- 
came teacher of grammar in the Jesuit ‘‘ Collegio di Brera,” 
where the teacher of mathematics was Tommaso Ceva, a 
brother of the well known mathematician, Giovanni Ceva 
(1648-1737), who published in 1678 at Milan a work contain- 
ing the theorem now known by his name. 

Saccheri was in close scientific communion with both brothers 
and received his inspiration from them. He used Ceva’s in- 
genious methods in his first published work, 1693, solutions of 
six geometric problems proposed by Count Roger Ventimiglia. 
His attempt at proving the parallel-postulate is his last work, 
‘Euclid vindicated from every fleck,’’ which received the ‘‘Im- 
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primatur” of the Inquisition the thirteenth of July, 1733, that 
of the Provincial of the Jesuits the sixteenth of August, 1733. 
Saccheri died the twenty-fifth of October, 1733. 

All preceding attempts were alike in trying to give a direct 
positive proof of the postulate; all were alike in the assumption 
open or hidden, conscious or unconscious, of an equivalent postu- 
late. 

Saccheri tries a wholly new way, and thus his book marks an 
epoch. He never doubted the absolute necessary truth of 
Euclid’s postulate, and so he thinks that the two alternatives, 
possible if it be taken as not true, must each lead to some con- 
tradiction, to some absurdity. He tries the reductio ad ab- 
surdum. Ninety years later, 1823, Bolyai Janos reached the as- 
tounding conviction that these alternatives lead not to any con- 
tradiction but to the “‘science absolute of space,’’ a generaliza- 
tion of Euclid’s universe. Ina letter dated the third of Novem- 
ber, 1823, written in the Magyar language, and fortunately pre- 
served for us at Maros Vasarhely in Hungary, Bolyai Janos 
writes to his father, Bolyai Farkas: “I have discovered such 
magnificent things that I am myself astonished at them. It would 
be damage eternal if they were lost. When you see them, my 
father, you youself will acknowledge it. Now I cannot say 
more, only so much: that from nothing I have created another 
wholly new world.” 

Suppose we take a few steps into this new universe on the 
path which opened before Saccheri without his ever suspecting 
whither it led. 

1. If two points determine a line it is called a straight. 

2. If two straights make with a transversal equal alternate 
angles, they have a common perpendicular. 

3. A piece of a straight is called a sect 
4. If two equal coplanar sects are erected perpendicular to a 
straight, if they do not meet, then the sect joining their extremi- 
ties makes equal angles with them and is bisected by a perpen- 
dicular erected midway between their feet: [Proved by folding 
the figure over, along the third perpendicular}. 

5. Considering figures where the right angles made by the 
equal perpendiculars may be said to be not alternate, and where 
no two perpendiculars to the same straight meet, the equal 
angles made with the joining sect at the extremities of the two 
equal perpendiculars are either right angles, acute angles, or ob- 
tuse angles. Distinguish the three cases as hypothesis of right, 
hypothesis of acute, hypothesis of obtuse. 
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6. According to these three hypotheses respectively, the join 
of the extremities of the equal perpendiculars is equal to, greater 
than, or less than the join of their feet. [Saccheri, Prop. III. 
Translated by Halsted in the American Mathematical Monthly]. 

7. Inversely, according as the join of the extremities is equal 
to, or less than, or greater than the join of the feet, the equal 
angles will be right, or obtuse, or acute. [S. P. 1V]. 

8. Corollary. In every quadrilateral containing three right 
angles and one obtuse, or acute, the sides adjacent to this ob- 
lique angle are less than the opposite sides, if this angle is ob- 
tuse, but greater if it is acute. 

9. The hypothesis of right, ifeven ina single case it is true, 
always in every case it alone is true. [S. P. V.]. 

10. Assuming the principle of continuity, and referring only 
to figures where no two perpendiculars to the same straight 
meet; The hypothesis of obtuse, if even in a single case it is true, 
always in every case it alone is true. [S. P. VI.]. 

11. With like limitation; The hypothesis of acute, if even ina 
single case it is true, always in every case it alone is true. [S. P. 
VII. ] 

12. The sum of the angles of a rectilineal triangle is a straight 
angle in the hypothesis of right, is greater than a straight angle 
in the hypothesis of obtuse, is less than a straight angle in the 
hypothesis of acute. [S. P. IX]. 

13. The excess of a triangle is the excess of the sum of its an- 
gles over a straight angle. The deficiency of a triangle is what 
its angle-sum lacks of being a straight angle. 

14. Two triangles having the same excess or deficiency are 
equivalent. 

15. Even with the assumption that two straights cannot in- 
tersect in two points, the three hypotheses give rise to three per- 
fect systems of geometry, the hypothesis of right to Euclid, the 
hypothesis of acute to Bolyai-Lobachevski, the hypothesis of ob- 
tuse to Riemann. 

16. In the hypothesis of acute the straight is infinite. Two 
coplanar straights perpendicular to a third diverge on either side 
of their common perpendicular. The angle-sum of any rectilin- 
eal triangle is less than a straight angle. 

17. In Euclid and Bolyai, parallels are straights on a com- 
mon point at infinity. 

18. In Bolyai, from any point P drop PC a perpendicular toa 
given straight AB. 

If D move off indefinitely on the ray CB the sect PD will ap- 
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proach as limit PF copunctal with AB at infinity. PF is said to 
be at P the parallel to AB toward B. 

PF makes with PC an argle CPF which is called the angle of 
parallelism for the perpendicular PC. It is less than aright an- 
gle by an amount which is the limit of the deficiency of the tri- 
angle PCD. On the other side of PC an equal angle of parallel- 
ism gives us the parallel at P to BA toward A 

Thus at any point there are two parallels to a straight 

A straight has two distinct separate points at infinity. 

Straights through P which make with PC an angle greater 
than the angle of parallelism and less than its supplement do 
not meet the straight AB at all, not even at infinity. 

19. A straight maintains its parallelism at all its points 
[ Lobachévski, Geometrical Researches on the Theory of Paral 
lels, Translated by Halsted, § 17]. 

20. If one straight is parallel to a second, the second is paral- 
lel to the first. [L.$ 18.] 


|. 


21. Twostraights parallel to a third toward the same part 
are parallel to each other. [L.§ 25 

22. Parallels continually approach each other. [L. § 24] 

23. The perpendiculars erected at the middle points of the 
sides of a triangle are all parallel if two are parallel. [L. § 30.] 


24. If the foot of a perpendicular slides on a straight, its ex- 
tremity describes a curve called an equi-distant curve or an equi- 
distantial. 

25. An equidistantial will slide on its trace 

26. Acircle with infinite radius is not a straight but a curve, 
called the boundary curve, which is a plane curve such that all 
perpendiculars erected at the mid-points of chords are parallel. 
[L.$ 31]. It is an equi-distantial whose base line is infinitely re- 
moved. 

27. Circles, boundary-curves, equi-distantials cut at right 
angles a system of copunctal straights, of parallel straights, of 
perpendiculars to a straight, respectively 

Three points determine one of these curves; that is through 
any three points not co-straight will pass either a circle, a bound- 
ary-curve, or an equi-distantial, and only one such curve. 














274 Non- Euclidean Geometry. 


Any triangle may be inscribed in one and only one of these 
curves. 

28. Boundary-surface we call that surface generated by the 
revolution of a boundary-curve about one of its axes. 

Principal plane we call each plane passed through an axis of 
the boundarvy-surface. 

Every principal plane cuts the boundary-surface in a boundary- 
curve. 

Any other plane cuts the boundary-surface in a circle. 

Boundary-triangles whose sides are arcs of the boundary- 
curve on the boundary-surface have the same interdependence of 
angles and sides and the same angle sum as rectilineal triangles 
in Euclid. 

Geometry on the boundary-surface is the same as the ordinary 
Euclidean plane geometry. [L. § 34]. 

29. Triangles on an equidistant surface are similar to their 
projections on the base plane; that is, they have the same angles 
and their sides are proportional. 

30. Inthe hypothesis of obtuse, a straight is of finite size, and 
returns into itself. 

This size is the same for all straights. Any two straights can 
be made to coincide. 

Two straights always intersect. 

Two straights perpendicular to a third intersect at a point 
half a straight from the third either way. 

A straight in the hypothesis of obtuse does not divide the 
plane into hemiplanes. 

Starting from the point of intersection of two straights and 
passing along one of them over a certain finite sect, we come 
again to the intersection without having crossed the other 
straight. 

This sect is the whole straight, and so a straight has not really 
two sides. 

There is one point through which pass all the coplanar perpen- 
diculars to a given straight. It is called the pole of that 
straight, and the straight is its polar. 

A pole is half a straight from its polar. A polar is the locus of 
coplanar points half a straight from its pole. Therefore if the 
pole of one straight lies on another straight, the pole of this 
second straight is on the first straight. 

The cross of two straights is the pole of the join of their poles. 

The equidistantial is a circle with center at the pole of its basal 
straight. 
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Three straights each perpendicular to the other two forma 
tri-rectangular triangle. It is self-polar, each vertex being the 
pole of the opposite side. 

In the hypothesis of obtuse, any two straights enclose a 
plane figure, a digon. 

Two digons are congruent if their angles are equal. 

In the hypothesis of obtuse, all perpendiculars to a plane 
meet at a point, the pole of the plane. It is the center of a sys- 
tem of spheres of which the plane is a limiting form when the 
radius becomes equal to half a straight. 

Figures on a plane can be projected from similar figures on any 
sphere which has the pole of the plane for center. They have 
equal angles and corresponding sides in a constant ratio de- 
pending only on the radius of the sphere. 

Geometry on a plane is therefore like two-dimensional spherics, 
but the plane corresponds to only a hemisphere. 

The plane is unbounded but not infinite. It is finite in extent. 
The universe is unbounded but not infinite. It is finite in extent, 
or content, or volume. 

Now of these three possible geometries of uniform space, Eu- 
clid’s has the unexpected disadvantage that it can never be 
proved to be the system actual in our external physical world. 
To establish Euclid, it would be necessary to show that the 
angle-sum of a triangle is exactly a straight angle; and no meas- 
urements can ever reach exactitude 

To prove one of the others, we have only to show that the 
sum of the angles of some triangle is Jess than, or greater thana 
straight angle, which may conceivably be done even by inexact 
measurements. 

What changes ought to be made in teaching elementary ge- 
ometry in consequence of these later discoveries and the princi- 
ples of the non-Euclidean geometries? 

We are given a new criterion for questions of method, of expo- 
sition. For example, surface spherics attains a new importance. 

When properly founded and expounded, pure spherics, two-di- 
mensional spherics, while giving all the old results and laying the 
foundation for spherical trigonometry, gives also a picture of the 
planimetric part of Riemann’s geometry, and becomes a touch- 
stone for detecting the fallacies and assumptions in the many 
pseudo-proofs accepted in the past, such as attempts to found 
parallelism on direction, attempts to prove all right angles 
equal, etc. 

As another example, we see a new stress laid on the incalcula- 
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ble advantages, educational and scientific, of Euclid’s procedure 
in deducing from three assumed constructions every other con- 
struction before he uses it in any demonstration. The glib 
method of supposed solutious to all desired problems, of hypo- 
thetical constructions, is now seen in its deformity and danger. 

Euclid says, under the heading ‘‘ Postulates:”’ 

“T. Itis assumed, that a straight line may be drawn from any 
one point to any other point. 

“TI. And that a terminated straight line [a sect] may be pro- 
duced in a straight line continually. 

“TIT. And that a circle may be described with any center and 
radius.”’ 

From these Euclid rigidly deduces every problem of construc- 
tion he wishes to use. Says Helmholtz: ‘In drawing any sub- 
sidiary line for the sake of his demonstration, the well-trained 
geometer asks always if it is possible to draw such a line. It is 
notorious that problems of construction play an essential part 
in the system of geometry. At first sight these appear to be 
practical operations, introduced for the training of learners; but 
in reality they have the force of existential propositions. They 
declare that points, straight lines, or circles, such as the prob- 
lem requires to be constructed, are possible under all conditions, 
or they determine any exceptions that there may be.” 

Euclid’s first three propositions are problems. 

The most popular American geometry, Wentworth’s, (1899), 
puts Euclid’s two first postulates on page 8, and the third pos- 
tulate a whole book later, and then never has a single problem 
of construction until page 112, where he says: ‘‘ Hitherto we 
have supposed the figures constructed.” 

Meantime, on page 88, he gives as a ‘‘theorem:’’ ‘ Through 
three points not in a straight line, one circumference, and only 
one, can be drawn. 

He gives as his ‘Proof. Draw the chords ABand BC. At the 
middle points of AB and BC suppose perpendiculars erected. 
These perpendiculars will intersect at some point O,since AB and 
BC are not in the same straight line.”’ 

Now the tremendous existential import of the problem, to 
draw a circle through three non-costraight points, will be recog- 
nized when I say that in general it is not possible. In the Lo- 
bachevski geometry not every triangle has its vertices concyclic. 
Granting that every three points must be costraight or concyclic, 
we prove the parallel-postulate. 

Of the possible geometries we cannot say a priori which shall 
be that of our actual space, the space in which we move. 
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The hereditary geometry, the Euclidean, is underivable from 
real experience alone, and can never be proved by experience. 
Euclidean space is, at least in part, a creation of the human mind. 
Its adequacy as a subjective form for experience has not yet been 
disproved. It can never be proved 

The realities which with the aid of our subjective space form 
we understand under motion and position, may, with the com- 
ing of more accurate experience, refuse to fit in that form. 

Our mathematical reason may decide that they would be fitted 
better by a non-Euclidean space form 


Comparative geometry finally overthrows that superficial 


method which pretends to found a logically sound exposition of 
geometry on ‘ direction,’’ undefined 

For more than 20 years Wentworth gave his definition ‘‘A 
straight line is a line which has the same direction throughout 
its whole extent.”’ (1877, Def. 8. 1886, p. 4; 1888, § 17) 

\t last he discards his aged error, and takes the definition of 
non-Euclidean geometry, ‘‘a straight is the line determined by 


two points’’ (1899, $$ 36 and 46 

Though the Bolyai and the Riemann geometries are founded on 
the straight, yet to say in them of two straights that thev have 
the same direction has no ordinary meaning, since in Riemann 
every two straights cross and inclose a space, while in Bolyai 
every two parallels continually approach each other 

So as to direction, Wentworth has reformed, after 20 years in 
the land of nod. 

But he stili says, 1899, § 49, ‘‘A straight line is the shortest 
line that can be drawn from one point to another.”’ 

Now a relation of equality or inequality between two magni- 
tudes must have some foundation, and be capable of some intel- 
ligible test. In the traditional geometry the foundation of all 
proof by Euclid’s method consists in establishing the congruence 
of magnitudes. 

To make the congruence evident, the geometrical figures are 
supposed to be applied to one another, of course without chang- 
ing their form and dimensions. But since no part of a curve can 
be congruent to any piece of a straight, so, for example, no part 
of a circle can be equivalent to any sect from the definition of 
equivalent magnitudes as those which can be cut into pieces con- 
gruent in pairs. 

In any comparison of size by congruence, we must be able to 
place one of the magnitudes or portions of it in complete or 
partial coincidence with the other. No such direct comparison 
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can be instituted between a straight and a line no piece of which 
is straight. Thus the whole of Euclid’s Elements fails utterly to 
institute or prove any relation as regards size between a sect and 
an arc joining the same two points. The operation of measure- 
ment we cannot effect, rigorous] y speaking, either for curves or 
for curved surfaces, since the unit for length is a sect, and the 
unit for area, the square on that sect. In fact, however little 
may be the parts of a curve, they do not cease to be curved, and 
consequently they cannot be compared directly with a sect; just 
as parts of a curved surface are not directly comparable with 
portions of a plane. 

We cannot even affirm that any ratio exists between a circle 
and its diameter until after we have made some extra-Euclidean 
and post-Euclidean assumption at least equivalent to the follow- 
ing: 

No arc is less than its chord; and no minor arc is greater than 
the sum of the tangents at its extremities. If the curve be 
other than a circle we assume that on it one can always take 
two points so near that the arc between these points is not less 
than its chord, nor greater than the broken line formed by the 
two tangents touching its extremities. Some such assumption 
is, in fact, necessary, but it destroys by itself the primitive idea of 
measuring curves with straights. 

Duhamel gives the assumption the following form: The length 
of a curve shall be the limit toward which the length of a broken 
line made up of consecutive chords of that curve approaches, 
when the number of chords is increased in such a manner that the 
chords all approach zero as limit. 

Thus the evaluation of the length of a curve represents not at 
allan attempt at rectification strictly; but it has for aim the 
finding of a limit to which another magnitude would approach. 

In geometry one proves that as the subdivisions are increased 
and the sides tend toward the limit zero, the perimeter of the 
polygon inscribed in a circle increases, circumscribed decreases, 
toward the same limit, which then is assumed for the magnitude 
of the circle. ‘ 

Therefore when Phillips and Fisher, of Yale, give as their defini- 
tion of a straight (1898, p. 4, § 7. Det.) ‘A straight line is a line 
which is the shortest path between any two of its points,’’ they 
pass through and beyond Euclid’s Elements to give us his sim- 
plest element; they institute a comparison not only with circular 
arcs, but also with all curves known and unknown; they presup- 
pose a foreknowledge of all lines in a definition of the simplest 








George Bruce Halsted. 279 








line. Is it still needful to say this is grossly bad logic, bad peda- 
gogy, bad mathematics. 

This same Yale geometry blunders horribly on p. 23, where it 
says: “In fact, Lobatchewsky in 1829 proved that we can 
never get rid of the parallel axiom without assuming the space 
in which we live to be very different from what we know it tu 
be through experience. 

Lobatchewsky tried to imagine a different sort of universe in 
which the parallel axiom would not be true. This imaginary 
kind of space is called non-Euclidean space, whereas the space in 
which we really live is called Euclidean, because Euclid (about 
300 B. C.) first wrote a systematic geometry of our space.”’ 

The scientific doctrine of evolution postulates a world inde- 
pendent of man, and teaches the outcome of man from lower 
forms of life in accordance with wholly natural causes. In this 
world of evolution experience is a teacher, but man is a creatcr, 
and the mighty examiner is death. 

The puppy born blind must still be able, guided by the sense of 
smell, to superimpose his mouth upon a source of nourishment. 
The little chick, responding to the stimulus of a small bright ob- 
ject, must be able to bring his beak into contact with the object 
so as to grasp and then swallow it. The springing goat that 
misjudges an abyss is lost. 

So too with man. His ideas must in some way correspond to 
this independent world, or death passes upon him an adverse 
judgment. 

But it is of the very essence of the doctrine of evolution that 
man’s metric knowledge of this independent world, having come 
by gradual betterment and through imperfect instruments, for 
example the eye, cannot be absolute and exact. 

The results of any observations are always with certain defin- 
ite limitations as to exactitude and under particular conditions. 

Man the creator replaces these results by assumptions presumed 
to have absolute precision and generality, such as, for example, 
the so-called axioms of Euclid. 

If two natural hard objects, susceptible of high polish, be 
ground together, their surfaces in contact may be so smoothed as 
to fit closely together and slide one on the other without separ- 
ating. If now a third surface be ground alternately against 
cach of these two smooth surfaces until it accurately fits 
both, then we say that each of the three surfaces is approxi- 
mately plane, is a piece of a plane. 

If one such plane be made to cut through another, we say the 
common line where they cross is approximately a straight. 
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The perfect, the ideal plane is a human creation under which we 
seize the imperfect data of experience. 

If three approximate planes on real objects be made to cut 
through a fourth approximate plane, then three approximate 
straights are formed on this fourth plane, and in general they are 
found to intersect, and the figure they make we may call an ap- 
proximate triangle. 

Such triangles may vary greatlyin shape. But no matter what 
the shape, if we cut off the six ends of any two such, and place 
them side by side on a plane with their vertices at the same point, 
the six are found with a high degree of approximation just to fill 
up the plane about the point. If the whole angular magnitude 
about any point in a plane be called a perigon, then we may say 
that the six angles of any two approximate triangles are found 
to be together approximately a perigon 

Now does the exactness of this approximation to a perigon de- 
pend only on the straightness of the sides of the original two tri- 
angles, or also upon the size of these triangles ? 

If we know with absolute certitude that the size of the trian- 
angles has nothing to do with it, then we know something that 
we have no right to know according tothe doctrine of evolution, 
something impossible for us ever to have learned evolutionally. 

Yet before the epoch-making ideas of Bolyai Janos and Loba- 
chevski, everyone supposed we were perfectly sure that the angle- 
sum of an actual approximate triangle approached a straight an- 
gle with an exactness dependent only on the straightness of the 
sides and not at all on the size of the triangle. 

But if in the mechanics of the world independent of man we 
were absolutely certain that all therein is Euclidean and only 
Euclidean, then Darwinism would be disproved by the reductio 
ad absurdum. 

All our measurements are finite and approximate only. 

The mechanics of actual bodies in what Cayley called the exter- 
nal space of our experience, might conceivably be shown by 
merely approximate measurements to be non-Euclidean, just as a 
body might be shown to weigh more than two grams or less 
than two grams, though it never could be shown to weigh pre- 
cisely, absolutely two grams. 

The outcome of the non-Euclidean geometry is a new freedom 
to explain and understand our universe and ourselves. 
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SPECTROSCOPIC NOTES. 


Arrangements for observing the total eclipse of May 28 have been so fat 
completed as to insure adequate observation by well equipped expeditions. 


Most of the large observatories will be represented by observing parties, usually 


of several trained observers, well reinforced by amateur enthusiasts. The sta- 
tions are chosen for the most part in North Cz a, Georgia, and eastern Ala 
bama: in fact they are probably less wide st 1 than they should be. 
Given only good weather, valuable results sect 
Popular interest in the eclipse and its res sis evidently considerabk In 
iew, however, of the importance, beaut I ri of the phenomenon, this 
interest ought. much more frequently t n seems now to be the case, to take the 
f of planning t » be present in person in the tot 
Mr. 1. Lr t, Procecdings / cs es < nts 
" i 1 hin oa ribe ce a ~ 1 Like 
Ss Nor er he found VAC n t s und " 
strong disruptive spark, and tra lt te l m the glass of the 
tubes. In experiments with silt t 1 ‘ I es in the behavior 
of silicon under different circumstances ree were e) ited in a striking 
n er 
Protess npbel Stre Ss s VaTiabi« city 
of sight for @ Herculis | pi s unknow but 
se s to be lo: g 
In the Astronomische Nachrichter NX 629 kK. S wartzschil pub- 
lishes a modification of the method of Professor Leliman Fill és for the computa- 
tion of the orbit of a spectroscopic binat y which the labor of the process is 
abridgec 
Publications of Sir William Huggins’ Observatory, Vol. I (William Wesley 
and Son. London) contains Sir William and Ladv Hugyins’ Atlas of Representa- 
tive Stellar Spectra from A 4870 to A 3300. The volume opens witha short his- 


tory of the Observatory, and contains, with the Atlas, a discussion of the evo 


¢ 


lutional order of the stars and the interpretation of their spectra. 


[In the Astrophysical Journal for March Professor Campbell gives the theory 
of the velocity of the Moon in the line of sight. As Venus and Mars are not al- 
ways available to test the accuracy of measures of radial velocity it is some- 
times desirable to obtain spcctrograms of the Moon forthe purpose. The dis- 
tance, place of observation to Moon plus Moon to Sun, the change of which is 
the etfective radial velocity of the Moon. may vary at a rate aimost as great as 
two kilometers per second. This motion is divided into several parts, the ex- 
pression for each of which is so arranged as to be easily computed from data 
given in the Nautical Almanac. In an example Professor Campbell finds for the 
computed velocity + 1.14 kilometers for second, and for the measured velocity 
+ 1.46 km. per second. . 


In his annual report President Eliot of Harvard University states that Mrs. 
Fleming, whose name appears in the University catalogue as Curator of Astro- 
nomical Photographs, is believed to be the first woman who has held an official 
position in Harvard University. 
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The February number of the Monthly Notices of the Royal Astronomical 
Society contains the annual report of the Council. The Proceedings of Observa- 
tories contain, in a number of cases, reference to spectroscopic work. At the 
Cape of Good Hope the McClean photographic equatoreal has been used with the 
slit spectroscope for the study of star spectra, yielding the discovery of oxygen 
and of silicon in certain stars; the object-glass has now, however, been returned 
to the maker for correction. At Cambridge the work on star spectra with the 
Bruce spectroscope has been brought to a conclusion. At Stonyhurst a study of 
the Sun with a grating spectroscope has shown about the same degree of solar 
activity in 1899 as in 1898; also, the stellar spectrograph has been used to con- 
tinue the investigation of possible changes in certain selected stars. At Wolsing- 
ham the search for stars with remarkable spectra has been continued with 
success. 

Of the summary of progress of astronomy during the year spectroscopic 
work is the subject of about one-fourth. The advance in stellar spectroscopy is 
summarized in a compact article occupying four pages, while two pages are de- 
voted to a review of Sir William and Lady Huggins’ Atlas of Representative 
Star Spectra. 


Mr. Wright (Astrophysical Journal, March) has computed the orbit 
of the spectroscopic binary x Draconis from the results of 28 plates ob- 
tained with the Mills spectrograph of the Lick Observatory. For the pro- 
jection in the line of sight of the major axis he finds 62,000,000 kilo- 
meters (39,000,000 miles), with a probable.error of 400,000 km. (260,000 mi.); 
for the eccentricity 0.423, with probable error 0.006; and for the period 281.8 
days, with probable error 0.7 days. The spectrum of xy Draconis, resembling 
that of Procyon, with theHy line of hydrogen well defined and the metallic lines 
sharp and well separated, was very suitable for measurement. 


The death of Miss Catherine W. Bruce removes a very liberal friend of as- 
tronomical science, by whose ready and well directed financial aid the construc- 
tion of much important spectroscopic and photographic apparatus and the 
prosecution of many valuable researches have been made possible. 


PLANET NOTES FOR MAY. 
H. C. WILSON. 


Mercury is morning star, but too close to the Sun to be observed. At the 
time of the total eclipse Mercury will be just a little way west from the Sun as 
shown upon the eclipse chart No. 3, given in this number of PopuLAR ASTRON- 
omy. It will doubtless be visible during totality of the eclipse and observers not 
in the path of totality might well spend some time in looking for the planet at 
the time of maximum eclipse. Mercury will then be so near superior conjunc- 
tion that its disc will be fully illuminated and if those markings which Mr. 
Lowell’s observers at Flagstaff saw so plainly are ever to be seen by others this 
should be the time. It is true Mercury will be on the farther side of the Sun and 
and its disc will be small, yet this would only reduce the size of the markings by 
one-half. For those, therefore, whose time is not o¢cupied with the study of the 
corona and who have the use of telescopes with apertures of six inches and up- 





MOTIVOM i8VE 








Planet Notes. 283 





wards, it may be well worth the while to study this planet carefully. Mercury 
will reach superior conjunction on the morning of May 30, being very near peri- 
helion at the same time, and after that will be evening star. 


NOZI¥OH HL¥ON 


THE CONSTELLATIONS AT 9 P. M., May 1, 1900. 


Venus has just passed greatest elongation east from the Sun and will this 
month turn in toward the line joining Earth and Sun. The phase of Venus is 
now like that of the half Moon and will decrease gradually during the month. 
The planet, however, will continue to rapidly approach the Earth so that its 
brilliancy will still increase up to the first of June. Venus, the Moon, the Pleia- 
des and the Hyades made a very pretty group in the western evening sky on 
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April 2. Venus will be in conjunction with the Moon again on May 2 but the 
Pleiades and the Hyades will be far down toward the west at that time. Again 
on May 31 there will be another conjunction of Venus and the crescent Moon. 

Mars is morning star about 22° west from the Sun, declination 6° north. 
Its angular distance from the Sun and its northern declination will steadily in- 
crease throughout the summer and so the planet will come into more and more 
favorable position for observation. Mars will be in conjunction with Mercury 
on May 3, Mars being 2° north of Mercury. At the time of the total eclipse of 
the Sun, May 28, Mars will be near the meridian toward the south, and will no 
doubt be visible to the naked eye at the time of totality. 

Jupiter will be at opposition May 27 and so may be best observed during 
the two hours before and after midnight. 

Saturn may be observed between midnight and morning, being seen low in 
the south or southeast, according to the hour of observation, in the constella- 
tion Sagittarius. 

Uranus is near Jupiter, in Scorpio, and may be observed at the same hours. 

Neptune is now low in the west in the evening, in the constellation Taurus, 
and practically out of position for observation for the remainder of this year. 


Phenomena of Jupiter’s Satellites. 


Central Standard Time 


May 1 9 52p.M. 


I Sh. In, May 17 1 28 a.M I Oc. Re. 
10 28 “ i Tr; Fu. 8 O9P.M. I Sh. In. 
212 O5a.M I Sh. Eg. S 23°" I Tr.In 
12 40 * I Tr. Eg. io 22 I Sh. Eg. 
10 OO P.M, [I Oc. Re Oo 36“ I Tr. Eg. 
& 10 27 * Il ke. Dis. 21 10 40 “ II Sh. In. 
6 1 Sila. II Oc. Re. 10 58 “ Hi ‘Te. ie. 
10 52p.m. III Sh. In. 22 1 O7a.m. II Sh. Eg. 
7 #12 48a.mM. III Sh. Eg. : 323°“ ll Tr. Eg. 
2 St Lt Tr. In. 24 i2 8 “ I Ec. Dis. 
2 3s ™ III Tr. Eg. os +2 * I Oc. Re. 
8 53 p.m. II Tr. Eg. 9 O8p.M. III Ec. Dis. 
8 2 40a.mM. I Ee. Dis. 10 03 * I Sh. In. 
11 46 P.M. I Sh. In. 10 OF “ I Tr. In. 
9 12 13a.M. : “Fr. fn. 11 OG III Oc. Re. 
2 5&9 “ I Sh. Eg. 25 12 16A4.™M I .Sh. Eg 
2 20 ~ I Tr. Eg. a 7“ I Tr. Eg 
9 O9P.M. I Ec. Dis. 7 25P.M I Ec. Dis 
11 44 * I Oc. Re. 9 39 * I Oc. Re. 
10 8 28 * I Sh. Eg. 29 1 12a.M II Tr. In 
8 &: * I Tr. Eg. 1 14 * II Sh. In. 
13 1 Ola.m. II Fe. Dis. 3 36 ** Il Tr. Eg 
& OF * II Oc. Re. 3 22." II Sh. Eg 
14 2 49 * III Sh. In. 30 7 21Pp.M. II Oc. Dis 
4 32 * HE 6Tr..In. S 65 * II Ec. Re. 
8 45p.m. II Tr. In. 31 2 &3a.™. I Oc. Dis 
20 338 “ II Sh. Eg. 4 59 “ I Ec. Re. 
1 OO “ rl fs. Sie. 11 51P.M. L Tr. in. 
16 1 40a.mM. I Sh. In. 2 a I Sh. In. 
io ** : Te ie. June 1 12 41a.M. III Oc. Dis. 
S 68 “ I Sh. Eg. 2 “ I Tr. Eg. 
4 09 * I Tr. Eg. 2 tt * I Sh. Eg. 
11 O2Pp.M. I Ec. Dis. 2 62 “* III Ec. Re. 


NoTe.—In. denotes ingress; Eg., egress; Dis., disappearance; Re., reappear- 
ance; Ec., Eclipse; Oc., occultation; Tr., transit of the satellite; Sh., transit of 
the shadow. 
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Jupiter’s Satellites for May. 


Phases of the Eclipses of the Satellites tor an Inverting Telescope. 


2 
III. = = 


- * 
IV. = No Eclipse. 


Configurations at 11" 30™ for an Inverting Telescope. 





Day. West. E 
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VARIABLE STARS. 


J. A. PARKHURST. 


Minima of the Variable Stars of the Algol Type. 


(Given to the nearest hour in Greenwich Time.) 


1900. 
U CEPHEI. 6 LIBRAE. U OPHIUCHI. Y CYGNI. 
avery 1( in. . : 
q h q h : ppt Even min. 
June 3 11 June 3 10 ’ d h 
e 22 5 18 June 2 14 - ” 
8 10 10 10 10 23 June - 15 
no 9 ‘ 19 9 July 2 14 
10 22 12 18 pis Q aP — 93h 9 
13 10 17 9 27 ae eee 
15 22 19 17 Z HERCULIS. : 
18 10 24 9 : : Odd min. 
20 21 26 sj d h 
= 4 : June 3 4 May 31 18 
25 2) U CORONAE. : ; : May ‘ 3 
98 9 July 1 13° June 30 17 
30. 21 a 2P = 3! 234.8 2P — 2423h9 
June 9 13 W. DELPHINI. 4. 45°3062. 
S CANRCRI. 13 0 P > 
16 11 June 4. 17 
d h 19 22 June 3 a7 9 7 
23 9 8 13 13 21 
June 9 2 26 19 13 8 18 11 
18 14 22 23 23 O 
28 1 27 18 27 14 
Maxima and Minima of Long Period Variables. 
1900 July. 
MAXIMA. MAXIMA. MINIMA. 
Day. Star. Day. Star Day. Star. 
3 RT Cyegni 20 U Cassiopez 8 Z Ophiuchi 
4 S Virginis 20 Z Aquarii 9 V Bootis 
5 T Columbe 20 RR Cygni 11 W Monocerotis 
5 V Geminorum 20 RZ Cygni 11 S Sagittarii 
5 T Pegasi 22 S Urase minoris 14 R Persei 
6 U Bootis 24 Y Virginis 19 S Cephei 
9 V Cassiopez 25 R Capricorni 20 T Cephei 
10 S Leonis 25 R Virginis 28 S Arietis 
12 V Libre 27 S Pegasi 29 —Pegasi* 
13 U Lyre 28 W Ophiuchi 
16 Z Virginis 30 X Aquarii 
17 WLyre 31 o Ceti (Mira) 
18 S Aquarii 3L R Comae 
18 R Ceti 


NOTES TO THE EPHEMERIS.—For this month it contains only those stars 
which are given in Dr. Hartwig’s ephemeris in the Vierteljahrsschrift, and the 
long period ephemeris is essentially in the form there given. 


* The star ‘‘—Pegasi,”’ whose minimum is given for June 29, is at 212 16™ 158, 
+ 14° 1’.6, (1900). 
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ADDITIONAL NOTES. 


U GEMINORUM.—This star was found normal, 13.4 magnitude, by Zac- 
cheus Daniel, 1900 March 28.57, Greenwich Time, and 9.8 magnitude by the 
writer, March 30.60. At this writing, April 9, it is still a little brighter than the 
11th magnitude, snowing it to be a “long’’ maximum. 

SS CYGNI.—The late maximum was covered by 11 observations, 8 by Zac- 
cheus Daniel and 3 by J. A. Parkhurst. It was found normal by Daniel 1900 
March 2.91 (i. e. 11.2 magnitude); and slightly brighter, about 10.8 magnitude, 
March 3.50. It was found in full light, 8.46 magnitude, by Parkhurst, March 
6.96. It reached normal light about March 23 


, showing this to be a maximum 
of the ordinary “long’’ type, duration 20 days. The strange thing is that the 


previous maximum, that of 1900 January, was also long. Previous to this, 
there has heen no break in the regular alternation of short and long types, since 
the two successive short max ma of March and April, 1897, with the exception 
of the abnormal maximum of 1899 November, which 
immediately) with the regular order. 


lid not interfere (at least 


Report of Rousdon Observatory.*—Observations of long period varia- 
ble stars during the year 1899, by Sir Cuthbert E. Peek, Bart., M. A., F. RR. A.S., 
C. Grover, assistant. 

On 167 nights in.1899 570 magnitude determinations were made. During 
the 14 years this work has been in progress 6,248 magnitude 


determinations 
have been made, each consisting of five visual comparisons. Thus during 1899, 
3,420 estimates of brightness have been mack 

Instrument used, a 5.4 inch Merz refractor, powers 34, 80 and 132. A13.5 


magnitude star is the limit of vision (on the H. C. yhotometric scale). 


About 30 long period variables, mostly circumpolar, are systematically fol- 
owed, continuously through the year. In 14 years, 245 maxima and 214 min- 
ma have been observed. 

For 1899 

MA A 

Mag I Mi i M 
r ( Ay gis Se 2 { 
S _ E Fe 2 
S Perse — D \ 2 l 
RK Auriga Apr S — 
U Orionis ( N 1 I 2 l 
RL s A ) 5 | J = 
R Urs. M 12 M 
I j 3 y Y 
I N 5 l ) 
S J 0 5 Ar 0 
S ( 4 M 2 —_ _ 
SB s July Fe 1 
S N ) 5 } 5 
R Came May 2 0 Jar Ma 2.¢ 
| = ome Ser 1 


During the year 17 maxima and 22 minima have been observed. 

Variable Star Notes No. 4, containing observations of R and y Cygni for 10 
years, 1887 to 1896, and No. 5. containing U Orionis and S Herculis for 13 years, 
1886 to 1898, have been published and distributed. 


* Extract from the Journal of the British Astronomical Association 
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NEW VARIABLE STARS. 


The star BD. + 46°2966 has been found variable from the photograph by 
Mr. A. Stanley Williams, and confirmed by Prof. Deichmiiller. (A. N. Nos. 3629 
and 3632). The position of the star is— 


R. A. 205 28™ 9.739, Dec. + 46° 6’ .1, (1855) 
29 38.0 10 .2, (1900) 

The range so far observed has been from 7.0 to 10.0 magnitude. A period ot 
31.0 days satisfied the observations of Mr. Williams, but Prof. Deichmiiller con- 
siders that it may he 15 days. This stamps it as a variable of unusual interest 
and it should be closely watched. 


Rev. Anderson, has found to be variable an anonymous star in the position— 


R. A. 20" 8.5™, Dec. + 46° 12’, (1855) 
The observed magnitudes are— 
1900 Jan. 16, 8.8 1900 Feb. 20, 9.0 
ro, B.7 Mar.14, 9.5. 


COMET AND ASTEROID NOTES. 


Comet a 1900 (Giacobini).—1n Astronomische Nachrichten No. 3627, Dr. 
Berberich gives the following approximate ephemeris of Giacobini’s comet, which 
shows that the comet will be nearest the Earth about Aug. 1, but that it will be 
brightest thecretically about July 1. It will be favorably situated for observa- 
tion during all of the summer, but will become rapidly fainter in the autumn, be- 
cause of its recession from the Earth. 


EPHEMERIS OF COMET a 1900. 


R.A. Decl. log r. log 4. Br. 
m oO , 

April 27 i 33.2 +17 28 0.1245 0.3622 0.93 
May 29 I 09.0 /+-27 O7 0.1433 0.2862 1.18 
June 30 23 40.9 + 41 3: 0.2055 0.1376 1.77 
Aug. I Ig 36.3 + 41 20 0.2794 0.0778 1.68 
Sept. 2 17 39-2 ray 3 0.3472 0.2023 0.53 
Oct. t 17 23.2 + 5 55 0.4051 0.4316 0.18 


Ephemeris of Asteroid (11), Parthenope. 


R. A. Decl. log 4. 
h m 8 ‘ , ” 

May 2 16 10 14.9 — 13 36 58 0.1555 
6 7 07-9 I3 25 29 0.1521 

10 3 43-4 13 14 14 0.1468 

14 16 00 05.1 13 03 206 0.1427 

Is 5 50 17-3 I2 53 2! 0.1399 

22 52 24.5 12 $4 «+I! 0.1353 

26 48 31.6 I2 36 I! 0.1380 

30 15 44 43-5 — 12 29 36 0.1390 


Opposition, May 21. Magnitude = 9.I. 


Vv 
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GENERAL NOTES. 


We have added sixteen pages to the usual size of this publication to print a 
revise of Professor Halsted’s article on Non-Euclidean Geometry. Bad service by 
an express company makes this neccessary. 

Goodsell Observatory Eclipse Expedition.—We are now planning 
for a trip to the line of totality of the eclipse of May 28, 1900, at a point proba- 
bly in North Carolina. If such a plan should be carried out, the next issue of 
this publication will be delayed until about the middle of June. 


Note Supplemental to Paragraph Ending near Bottom of Page 
229.—Since writing that paragraph satisfactory results, as far as contrast is 
concerned, have been obtained by the use of a strong bhydrochinon developer. 
By this means all the contrast needed can be obtained even on the most rapid 
plates, without in the least diminishing their rapidity. For my own work | in- 
tend to use Seed 27 plates exclusively. Some of the negatives of the inner core 
ona, where plenty of contrast is usually shown, will be developed with rodinal, 
one part in thirty-two of water. All negatives of the outer corona will be de- 
veloped with hydrochinon, by Cramer’s formula. By this plan, since rapid 
plates may be used instead of slow ones, the exposures above recommended may 
be reduced from ten to fifteen times. 


CRAMER'S HYDROCHINON DEVELOPER. 





i. 
Nissi) celaseudeinenabbnntaiasteseameskiesantn 25 oz 
Sulphite of Sodium Crystals ... .......... .* 
CD ar iaivonins sovidvuinbstxstiniseracces yy * 
Bromide Of POCRSSIUIN......0.ccccscesccnees. = 
II. 
I aio iin cnsiessbtecceinsatuns eimsunsinintees ; 


Carbonate of Sodium Crystals.. 


Mix equal parts for use, and develop not over six or eight minutes at a 
temperature of 70°. Carbonate of Sodium Crystals 6 oz. (also called Sal Soda 
or Washing Soda) are equivalent to 214 oz. when pulverized and dried. Sulphite 
of Sodium 3 oz. are equivalent to 114 oz. when dried or granulated. 

WILLIAM H. PICKERING. 
MEapDow View, Chatham, N. J., April 16, 1900. 

EpiTorR OF PopuLaR ASTRONOMY:—Will you allow me, through your maga- 
zine, to call the attention of readers of my book, “‘Star-Names and their Mean- 
ings,” to my error in omitting to give hig due share of credit to R. T. A. Innes, 
Esq., of the Royal Observatory at the Cape of Good Hope in the discovery of 
the new ‘“‘runaway star’’in Pictor. This omission occurred on page 214, and is 
repeated on page 446 in the remarks on “1830 Groombridge,’’ where I assigned 
the discovery solely to Professor Kapteyrn, making no reference to Mr. Innes. 

I exceedingly regret this omission, and all the more as the original announce- 
ment by Professor Katepyn in the Nachrichten, No. 3466, was explicit as to Mr. 
Innes’ large share in the discovery. 
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As the latter has sent me the Royal Observatory Keport for 1897, with the 
detailed history of the discovery, I transcribe and inclose what Doctor Gill, the 
Director of the Observatory, has to say on the subject. Some part, or indeed 
the whole, of this you may think of interest in your columns, tor the star in 
question, as you know, shows the greatest proper motion as yet determined. 

RICHARD HINCKLEY ALLEN. 


Report of Her Majesty's Astronomer at the Cape of Good Hope to the Secre- 
tary of the Admiralty tor the year 1897, 1898.—“But by tar the more interesting 
result of this examination has been the discovery of an 8th magnitude star hav- 
ing annual proper motion amounting to nearly 9” of arc in the great circle, the 
largest proper motion yet known. 

In regard to this star (No. 8 of List I.) Kapteyn had remarked—No. 8, 5" 6™ 
40°.6, 44° 58’.2, Z.C. V. 243, Mag. 8. ‘Certainly missing on two plates.’ 

On 1897, February 2d, Mr. Innes looked for this star, and found none in the 
given position, but he found a full yellow star, 8.3 Mag., about 15 seconds in R. 
A. from the required place. The following day I transmitted to Professor 
Kapteyn this note of Mr. Innes, with his query ‘Do you find the star 55 6™ 56°.0, 
44° 58’ on the C. P. D. plates? It is difficult to think the Z. C. wrong 15* on 
two occasions, or that the bright star 5" 6™ 56° could have been overlooked. 
Can this be proper motion?’ 

On August 24th Kipteyn wrote requesting that the star in question should 
be again looked up, because the observations now stood thus: 


Mag. a 4 
Gould, Z C. 1873.0 8 55 6™ 405.6 — 44° 58’.2 2 obs. 
C.F. 3D. 1890.1 9 2 6 50.8 59.5 4 obs. 
Innes 1897.0 8.3 6 56 .0 58.0 — 


The R. A. agreeing very well on the supposition of a proper motion of 0°.64, 
but not so the Declinations. Could there be a mistake in Mr. Innes’ Declination? 

On September 22 | replied that there was no doubt that the star C. Z. V. 
243 is the star of greatest known proper motion, that Innes’ observation of 
1897.0 had not been an observation in Declination, because finding no star in the 
required R. A., he had simply noted the neighboring star differing 15° in R. A. 
anc aving about the same Declination as the missing star. But on February 
15th he had re-observed the star and found @ 5" 6™ 56, 6 — 45° 0.4, and that 
the estimated motion of the star on one of the catalogue plates made a proper 
motion of about -+- 0°.64 and — 0’.1 in Declination certain. 

On October 27th I forwarded results of two meridian observations of the 
star made on October 23d and 24th. A preliminary note has been communi- 
cated to the Astr. Nach., No. 3464, by Professor Kapteyn. A complete investi- 
gation of the proper motion and parallax of this remarkable object will be made 
at the Cape.”’ 


Professor Henry S. Pritchett, Superintendent of the Coast and Geodetic 
Survey, has resigned his place to accept the presidency of the Massachusetts In- 
stitute of Technology of Boston. He was the youngest superintendent that the 
Coast Survey has ever had, and he has been one of the most capable.—Scientific 
American, April 14. 


Rotation of Venus.—A telegram has been received at the Harvard College 
Observatory from Professor Kreutz at Kiel, Germany, stating that he has infor- 
mation from Professor Backlund, Director of the Observatory at Pulkowa, Rus- 
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sia, that, from a tliscussion of spectrograms, Belopolsky has found the time of ro- 
tation of Venus to be short. 

This telegram was distributed to American astronomers April 10. It will be 
remembered by the reader that there has been considerable dispute between ob- 
servers of the surface markings of Venus, as to whether the period of rotation is 
approximately twenty-four hours or is equal to the period of revolution around 
the Sun, 225 days. We shall await with great interest the details of Professor 


Belopolsky’s observations. 


The Total Solar Eclipse of May 28.—So far as known at present, the 
arrangement of British observing parties is as follows 


OFFICIAL EXPEDITIONS 


Ovar.—The Astronomer Royal will take large scale photographs of the 
corona, using the Thompson 9-inch object-glass and telephoto concave magni- 
fier to obtain photographs on the scale of 4 inches to the Sun’s diameter on 15 
by 15 inch plates. The double tube with a 4-inch rapid rectilinear lens of 33- 
inch focus and a special rapid lens of about 13 inches focus will be used in an at- 
tempt to obtain photographs of long extensions of the corona. Mr. Dyson will 
have in his charge two slit spectroscopes belonging to Capt. Hills and used by 
him in India in 1898, with which to photograph the spectrum of the flash and of 
the corona. 

Alicante.—Sir Norman Lockyer, who will probably be accompanied by Mr. 
Fowler and Dr. Lockyer, will be stationed near the ceutral line south of Alicante. 
he chief instruments to be used here are prismatic cameras, one of which will 
have an aperture of 6 inches and a focal length of 20 feet. 


Algiers.—Protessor Turner and Mr. Newall, will be stationed at the Observa- 


tory of which M. Trepied is Director. Prof. Turner will have one of the double 
tubes which have been used in several previous eclipses. One section will be fitted 
with apparatus for photographing the corona by polarized light, the other will 
possibly be utilized for taking ordinary photographs of the corona. Mr. Newall 
will use (A) a four-prism slit spectroscope for photographing the spectrum (1) 
of the flash, (ii) of the corona; (B) an objective grating camera for photograph- 
ing the corona in monochromatic light; (C) a polariscope camera for photograph- 


ing the corona. 

Prof. C. V. Boys and Mr. Wesley will probably be also members of the official 
party at Algiers. 

Mr. Evershed, will proceed to a spot about 20 miles south of Algiers, which is 
just within the limit of totality. This place is chosen, as it is his purpose to 
obtain photographs of the ‘flash’ spectrum of as long duration as possible, and 
near the Sun’s pole. 

British Astronomical Association Expeditions. Algiers.—Mr. and 
Mrs. Maunder and family, will take short exposure photographs of the inner 
corona, and will also take photographs of long exposure for extensions. A pris- 
matic opera glass will be used, if circumstances will allow. Mr. and Mrs. Crom- 
melin, will use a tele-photo lens of about 80 inches, equivalent focal length and 
aperture 114 inches to take photographs of the inner corona. They will also ob- 
serve times of contact, and make sketches at the telescope of detail of the inner 
corona.—The Observatory, April, 1900. 
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Observatories in the United States having Refracting Tele- 
scopes.—From the Congressional Record of April 11, we copy the following list 


of telescopes in the United States:— 


Observatory. a 
Inches 
Yerkes (University of Chicago) +0) 
Lick ¢l niversity of California). [See also! 36 
Students’ Observatory below 
Naval, United States , 26 
Leander McCormick (University of Vir 26 
ginia), 
OO ere 24+ 
Halstead (Princeton University)... 23 
Chamberlin (University of Denver) 20 
Smithsonian Institution. éscol ae 
Northwestern (Dearborn) University... 18.5 
RRR rrr ; ; 18 
Goodsell iC arleton Colle ge). 16 
ETT Tr 16 
Washburn (U niversity of Wisconsin). 15.6 
Harvard College.............. 15 


University of Mississippi. . a plea 15 








Litchfield (Hamilton College). Ue eb cmarnee 13.5 
Columbia University..... 13 
Western University of Pennsylvania 13 
Detroit (University of Michigan). 12.75 
OO OEE ne 12.5 
Emerson McMillin (Chio State University)| 12.5 
 inicis 4:50 ua de asicd: barnes 12 
“ae —_ (United States Military Acad-| 12 
Ladd iis MWIGIVATSY) o.o.0000.c0 000% 12 
Vassar College.......-------+- 12 
Wesleyan University..... 12 
University of Cincinnati... ....... ll 
“oo — (Franklin and Marshall Col-| 11 
Smite Pieiban College) ....... ; 10 
[See also Hobart College below ae 
LOWERED URIVOTBIEY:. 062.0.00000800000 Sena ae 
Bucknell Universality... ....cccccccccscscce.| 
Haverford College........ ae 
Johns Hopkins University 9.5 
McKim (De Pauw University)......... : 9.5 
ER Scrane en ee: o9s.ns.000e noes : 9.5 
Shattuck + Dartmouth C college). a 9.4 
Hartford Public High Schagl............- 9.5 
Catholic University.............. o) 
Hobart College [See also Smith Observa-| 8.78 
ON er err 

Vanderbilt University...... 8.5 
Yale University ............. 8 
DOPED TINT BONO 6.0.05 c ccc cccescccecse 8 
MRS oxiscincesive se cscssaeces we 8 
Mount Holyoke — wees dakeaenn 8 
Alabama University................. 8 
Holden Memorial (Syr racuse University ). 8 
Annapolis (United States Naval Academy)| 7.75 
University of Missouri.................... 7.5 
PE ID cocivcccceccescceesss 7.29 
Boston University..... Rilietasenrwarnes 7.1 
University of Illinois............ deri 6 
Washington University vovel ‘Oam 
OS ee ere 6.25 
Students’ Walwarelty < of iompnemenen : 6 
swarthmore College..........scccscsees 6 
NN icine a0) Snipbsieneentieceeeaee 6 
Central High School....,,. ...... eane 6 
NN SE Teer - 6 
Creighton Universit#............ 5 
lowa University............. Pe ek Pe 5 
Georgetown University........... eeaac 4.8 
Williams College............. 4.8 


Director. 


George E Hale 
J. Keeler... 


C. H. Davis 
Ormond Stone. 


A. E. Douglass 

Charles A. Young 

Herbert A. Howe....... 

Samuel P. Langley ..... 

¢ ‘ad wee a ; 

. Doolittle... 

Wn W. Payne 

Lewis Swift...... 

George C. C omstock 

Edward C. Pickering. 

- hancellor R. B. Fulton.. 
. T. Saunders . 

aA K. Rees 


F. L.O Wadsworth......... 


A. Hail, jr. 
C. W. Pritchett...... 
Henry C. Lord....... 
Lewis Boss. ‘ 
Professor Peter S. Michie. . 


Location. 


Williams Bay, Wis 
‘_— Hamilton, Cal. 


lw ashington, D. C. 


ar harlottesville, Va. 


Flagstaff, Ariz. 
Princeton, N. J. 


. University Park, Colo 


Washington, D. C. 
Evanston, Ill. 
Upper Darby, Pa. 
Northfield, Minn. 
,Echo Mountain, Cal 


-|Madison, Wis. 


|Cambridge, Mass. 


-|Oxford, Miss. 
...{Clinton, n. ¥. 


|New York City. 
Allegheny, Pa. 
Ann Arbor, Mich. 
Glasgow, Mo. 
Columbus, Ohio. 
.|Albany, N. 
.|West Point, N. Y. 


Winslow Un'on.........00s. Providence, R. I. 
Mary W. Whitney.......... Poughkeepsie, N. Y. 
John M. Van Vleek......... Middletown, Conn. 
eae Cincinnati, Ohio. 
JE. Rereheer....... Lancaster, Pa, 

Wm. R. Brooks............ Geneva, N. Y. 

SS ere 


Appleton, Wis. 
oe, OO ee Lewisburg, Pa. 
Wm.H Collins... -|Haverford, Pa. 
Simon Newcomb -|Baitimore, Md. 

ES SO SORA ener Greencastle, Ind. 
Clement Rood ...........-.. Beloit, Wis. 
Edwin B. Frost ............ Hanover, N. H. 
= SANDS 4 .5:4/are dan sain’ Hartford, Conn. 

p EL ND a ccavccs cae siate Washington, D. C. 
i L. Smith; Wm. R. Brooks|Geneva, N. Y. 


Wm. J. Vaughn....... ' |Nashville, Tenn. 
= Elkin A prayer New Haven, Conn. 


ee) A ree |Fall River, Mass. 


SS eee .|Grinnell, lowa. 
Miss A. S. Young... .|South Hadley, Mass. 
8 aaa Tuscaloosa, Ala. 


Henry A. Peck ea See 


|\Syracuse, N. Y. 


Lieut. Com’d. C. W. Bartlett Annapolis, Md. 
1D Bes IG: cccaeesine Columbia, Mo. 
eC” See |Amherst, Mass. 
eS eer |Boston, Mass. 
is MURS oc cccesiersecee |Urbana, III 
Wm. H. Roever............ |St. Louis, Mo. 


George C. Chase........ 
Armin D. ‘Leuschner.. 
‘Miss S. J. C unningham.. 
\Chas. B. Thwing......... 
Monroe B Snyder 
|C. C. Hutchins. 
|Wm. F Rigge 


..|Lewiston, Me. 
|Berkeley, Cal. 
“"|Swarthmore, Pa, 
.|Galesburg, Ill. 

Nad akan Philadelphia, Pa. 
peeuseuen Brunswick, Me. 

ie ED oss oseieesesce Omaha, Nebr. 

|L. G. Weld. Laveleot lowa City, lowa. 
\John G. Hagen ; Washington, D. C. 
|Truman Henry Safford..... Williamstown, Pa. 





Following this table is found a very instructive statement regarding the 
equipment of these observatories, a part of which follows: 
Yerkes Observatory of the University of Chicago, located at Williams Bay, 
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Wis., George E. Hale, Director.—The Yerkes Observatory has the form of a 
Latin cross, the longer axis of which lies due east and west. The 90-foot dome, 
which contains the 40-inch telescope, is at the western extremity of the building. 
At the eastern extremity is the meridian room, and the 26-foot and 30-foot 
domes terminate the north and south transepts. The motions of the great 
dome, the rising floor which gives access to the telescope in all its positions, and 


the telescope itself, are obtained by electric motors 


The large telesc pe is provided with all necessary accessories, including po- 
sition micrometer, solar spectroscope, steliar spectrograph, spectroheliograph, 
and photoheliograph. In the 26-foot dome is mounted the 12-inch refractor, 
formerly at the Kenwood Observatory at Chicago, the entire instrumental 

uipment of this institution having been donated to the Yerkes Observatory, 
In the 30-foot dome a 24-inch reflecting telescope is mounted. The mirror of 


this instrument was made by Mr. W.G. Ritchey, optician of the Yerkes Obser- 
vatory. Between the small domes is the heliostat room. Within the heliostat 
room are the mirrors and radiometer used by Professor Nichols for his measures 
of stellar heat radiations. Inthe meridian room, a small universal instrument, 
now at the students’ observatory, was formerly used for latitude and time ob- 
servations. A 31.-inch transit instrument is available for use. The body of the 
building, between the domes, is divided into laboratories for physical and chemi- 
cal work and offices for members of the staff 

The principal work of the Observatory, under the director, George E. Hale, 
includes: 1. Observations of double stars with the 40-inch telescope, by Profes- 
sor Burnham. 2. Micrometric observations of star clusters, nebulz, planets, 
satellites, comets, etc., with the 40 inch telescope, by Professor Barnard. 3. 
Photographic studies of stellar spectra with the 40-inch telescope, by Professor 
Hale and Mr. Ellerman. 4. Determination of the motion of stars toward or 
from the Earth and of the motion of the solar system in space with the 40-inch 
telescope, by Professor Frost and Mr. Ellerman. 5. Spectroscopic observa- 
tions of the Sun and photographic work with the spectroheliograph attached to 
the 40-inch telescope, by Professor Hale. 6. Stellar and nebular photography 
with a 6-inch portrait lens, by Professor Barnard, and with the 24-inch reflect- 
ing teiescope, by Mr. Ritchey. 7. Miscellaneous spectroscopic and bolometric 
work. &. Transit observations for the time service, by Mr. Adams. 

Lick Observatory of the University of California, located at Mount Hamil- 
ton, California, J. L:. Keeler, director.—The Observatory consists of a main build- 
ing containing computing rooms, library and the domes of the 36-inch ¢qua- 
torial and the 12 inch equatorial, and detached buildings to shelter the Crossley 
reflector, the meridian circle, the transit, the horizontal photoheliograph, the 
portable equatorial, and the Crocker and Floyd photographic telescopes. Un 
the ground are dwelling houses for the astronomers, students, and employees 
and shops for the workmen. 

The Observatory is fully provided with instruments, some of which are the 
36-inch equatorial objective, by Alvan Clark & Son, mounting by Warner & 
Swasey; this instrument has also a photographic corrector of 33 inches, figured 
by Alvan G. Clark; 3-foot reflecting telescope; 12-inch equatorial; 6-inch Bruce 
comet-seeker; 614-equatorial mounting; 5-inch Floyd telescupe; 61 inch meridian 
circle; 4 inch transit; 4-inch comet seeker; 5-inch horizontal photoheliograph; 
Crocker photographic telescope; a spectroscope, specially adapted for pho- 
tography, given by Hon. D. O. Mills for use with the 36-inch refractor; a spec- 
troscope specially adapted for photography with the Crossley reflector, and two 
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photometers for use with the 36-inch and 12-inch telescopes have been provided 
from the proceeds of a gift from Miss C. W. Bruce, of New York City. There 
are, besides, many minor pieces of apparatus. 


The scientific work of the Observatory is under the director, James E. Keeler. 
The students’ observatory at Berkeley, Cal., described elsewhere, belongs to the 
University of California. 

The general policy is to carry on investigations which cannot be pursued to 
so great advantage elsewhere. The observatory makes the most of its natural 
advantages, and extended theoretical researches, which can be made as well in a 
city as at a fine observing station, do not form a part of the general plan. The 
variety of instruments makes the field covered quite a wide one. 

The principal work is devoted to spectroscopic determinations of the mo- 
tions of stars in the line of sight, by Professor Campbell, assisted by Mr. Wright; 
and micrometric work and observations of the satellites of Neptune, Mars, and 
Uranus; measures of planetary nebulz, for parallax; measures for determining a 
possible refractive effect on stars by the head of Swift’s comet, by Professor Hus- 
sey and Messrs. Perrine and Aitkin; observations of comets, and, in the case 
of expected comets, for purposes of discovery; measurement and discovery of 
double stars, by Messrs. Hussey and Aitkin; astrophysical researches and pho- 
tography of nebul, by Professor Keeler and Assistant Palmer; study of triple 
hydrogen lines, by Professor Campbell; investigation of stars in the great cluster 
in Hercules, by Mr. Palmer; telescopic photographs of the great nebulz in Orion 
—an extension of the spectroscopic method to parts of the nebula which are too 
faint for visual observation; and a large variety of miscellaneous observations 
and computations. 

United States Naval Observatory, located on Georgetown Heights, District 
of Columbia, Capt. C. H. Davis, U.S. N., director.—The instruments and acces- 
sories of the Naval Observatory consist of great equatorial and accessories (in- 
cluding elevating floor); east meridian circle (Pistor & Martens, 9-inch, re- 
modeled); south transit instrument; prime-vertical instrument; 12-inch equa- 
torial; 6-inch transit circle (Warner & Swasey); 5-inch alt-azimuth and building 
(Warner & Swasey); 1 comet seeker, 4-inch (Brashear), alt-azimuth: 1 comet 
seeker, 4-inch (old equatorial mounting); 13 astronomical clocks; 7 chrono- 
graphs (with stands and scales); 3 personal-equation apparatuses; 2 level triers; 
meteorological apparatus; transit of Venus measuring engine; equipment of 
magnetic observatory; 1 kathetometer; instrumerts for testing sextants. In- 
struments unmounted: 9.6-inch equatorial, 7°4 equatorial, and Repsold transit 
of Venus, etc. 

The instrumental equipment is for the most part new, few of the instruments 
of the old Observatory having been retained in their original form. An entirely 
new mounting has been provided for the 26-inch equatorial telescope, and the 
9.6-inch telescope was replaced by a new refractor of 12 inches aperture. A 
large spectrograph, of modern design, was furnished for the 26-inch telescope. 
Two new instruments, constructed entirely of steel, were added to the equip- 
ment. One of these is a meridian circle of 6 inches aperture, and the other is a 
5-inch alt-azimuth. The 8 5-inch Pistor & Martens meridian circle has been fur- 
nished with a new objective of 9.1 inches aperture and the mounting recon- 
structed. All the new instruments are of American make. 

The Observatory work is divided into two classes, astronomical and nauti- 
cal. The first includes the department of astronomical observations and the de- 
partment of the Nautical Almanac. The second includes the department of nau- 
tical instruments, the department of chronometers and time service, and the de- 
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partment of magnetism and meteorology. A naval assistant is provided for the 
superintendent, and provision is made for a director of the Nautical Almanac 
and for heads of the various nautical departments. 

On September 20, 1894, Prof. Wiiliam Harkness was appointed astronomi- 
cal director. On June 30, 1897, he was also made director of the Nautical Al 
manac, after the resignation of Professor Hendrickson, who occupied the posi- 
tion for a short time after Professor Newcomb’s retirement on March 12, 1897. 

The work of the Observatory since its removal to the new site has included 
observations of the Sun, Moon and planets and certain ephemeris stars (sus- 
pended from 1891 to 1894), observations of stars in the zone —13° 50’ to —18 
10’ of the Astronomische Gesellschaft, observations of selected stars with the 
prime vertical transit and the alt-azimuth, micrometric observations with the 
26-inch and 12-inch telescopes. Some photographs of stellar spectra have been 
made with the spectrograph attached to the 26-inch telescope. The meteoro- 
logical observations have been continued, but magnetic work (first seriously un- 
dertaken in 1881) has been given up, owing to disturbances caused by electric 
cars. Professor Yarnall’s catalogue, containing the positions of all miscellane- 
ous stars, observed with the mural circle and transit instrument between 1845 
and 1877, was published in 1878 (second edition). A third edition has since 
been brought out by Professor Frisby. Professor Eastman’s catalogue of 5,151 
stars, observed between 1866 and 1891, appeared in 1898. Of this catalogue 
the astronomical director remarks that it ‘thas absorbed the labors of about 


two-thirds of the Observatory staff for more than thirty years.”’ 


Observing Stations for the Total Eclipse, May 28.—Professor 
Geo. E. Hale, Director of the Yerkes Observatory sends us the tollowing note: 

“The following list of stations to be occupied by eclipse parties is complete to 
date. I have not yet received replies from some of the most important institu- 
tions. 

Norfolk, Va., National Geographic Society; Near Norfolk, Va. or Ralsigh, N 
C., Winslow Upton and party; Intersection of central line with Southern Rail 
way, S. E. of Raleigh, XN. C.,C. W. Edwards and party; Wadesboro, N. C., par 
ties of the Smithsonian Institution, Yerkes Observatory, Princeton University, and 
the British Astronomical Association; Newberry, $8. C., U.S. Weather Bureau; 
At or near Macon, Ga., C. W, Crocket; Union Point, Ga., Charles Burckhalter ; 
Thomaston, Ga., Lick Observatory; Brownsville, Ga., University of Virginia. (1 
have received this information at second hand): Washington, Ga., A. L. Rotch 
and party; Greenville, Ala., W. H. Pickering and party; Near Mexican Central 
Railway, Rose O'Halloran. 

Protessor Brown, Astronomical Director of the Naval Observatory, has not 
yet replied to the circular letter, but Professor See states that a number of par 





ties will be sent out, one of which will go to Mexico. I have also learned. that 
Professor Ames, of the Johns Hopkins University, Professor Crew, of the North 
Western University, and Professor Lord, of the Ohio State University, will 
coéperate with the Naval Observatory. The Allegheny Observatory, Vassar 
College Observatory, and several other institutions will send out eclivse parties, 
but I do not now know what sites they will select ORGE E. HALE, 
Secretary, Eclipse Committee 


Miss Rose O’Halloran will Observe the Total Eclipse in 


Mexico. Miss Rose ©’ Hall yxran, of San Francis pre ent of the Astro 
nomical Society of the Pacific, will leave for Mexico ab t the middle of April to 
observe the total solar eclipse of May 28, 1990 \! bserving the southern 
variable stars for some weeks, as far south at least as the City ot Mexico, Miss 
O’Halloran will travel northward about May 20, t ie track of the lunar 


shadow, near the Mexican railway. 
Her eclipse work will be carried on with unpretentious equipment As the 





296 General Notes. 


larger instruments of other observing parties from California and elsewhere will 
be used in positions further eastward in the United States, it has seemed to Miss 
O’Holloran wisely desirable to make photographic and visual ubservations near 
the western end of the path of totality. 

The plan of Miss O’Holloran’s work is to take a few photographs of the inner 
corona with a 4-inch Brashear refractor of six feet focal length, having a plate- 
holder and shutter in the focal plane of the telescope. The remaining time will 
be given to visual observations of the structure of the outer corona, and a draw- 
ing will be made when the total phase is ended. 

As a mere experiment, a 21-inch portrait lens will be tried tor one second just 
before totality, ana again, having reversed the plate-holder, will expose a plate 
for half a minute after totality. May favoring circumstances aid Miss O’Hallo- 
ran’s well-planned work 


The Lick Observatory Total Eclipse Expedition.—By the generos- 
ity of Mr. William H. Crocker, of San Francisco, the Lick Observatory will be 
able to send a party to Georgia, to observe the total solar eclipse of May 28. 
Only two observers, Messrs. W. W. Campbell and C. D. Perrine, will be sent out 
from the Observatory; but several European astronomers have expressed a de- 
sirs to join the party, and similar requests have also been received from astron- 
omers connected with American colleges which do not intend to send out expedi- 
tions of their own. 

The instrumental equipment of the expedition will be quite complete. The 
principal instrument for photographing the corona will be the 5-inch telescope of 
40 feet focal length, used by the Lick Observatory parties in South America and 
India. For photographing the corona on a smaller scale there will be several 
cameras of from five to six inches aperture, and others of smaller size. One slit 
spectrograph, and two objective spectrographs arranged to give a continuous 
record of the changing spectrum at the beginning and end of totality, are also 
included in the equipment. Observations of contacts will be made. 

Any observers, having experience in astronomical or physical work, who 
wish to join the party at their own expense, like the gentlemen reterred to farther 
above, are invited to communicate with the Director of the Lick Observatory be- 
fore April 20, and after that date with Professor W. W. Campbell, Lick Observa- 
tory Eclipse Expedition, Atlanta, Georgia. 


; Queries and Short Answers.—8. What is the date and the path of to 
tality of the next total solar eclipse visible in the United States. D.S. 

Answer. The following letter by favor of H. D. Todd, Professor of Mathe- 
matics, U S. A., and Director of the Nautical Almanac, answers the query: 

Sir:—I have the honor to state, in reply to your letter of the 2d instant, re- 
ferred to this Office by the Naval Observatory, that the next total solar eclipse 
visible in the United States after that of May 28, 1900, will occur in 1918, June 8, 
G.M.T. This eclipse will commence in the Pacific Ocean, off the coast of China, 
and the central path willenter the United States at our extreme northwest cor- 
ner, and follow approximately a path throngh the States of Washington, Idaho, 
Wyoming, Nebraska (the south-west corner), Kansas, Arkansas, Mississippi, 
Alabama and Florida, ending soon after it reaches the Atlantic Ocean. 

I beg leave to add that there will also be a total eclipse of the Sun in 1905, 
August 30, not visible in the United States, but very near, commencing just north 
of the boundary line between Minnesota and North Dakota. The shadow path 
of this eclipse wili pass nearly due east, turning slightly to the north, and will 
enter the Atlantic Ocean from the southern part of Labrador. 

Very respectfully, 


NavuTIcAL ALMANAC OFFICE, H. D. TODD, 
GEORGETOWN HeiGurts, D. C., Professor of Mathematics, U. S.N., 
April 12, 1900. Director, Nautical Almanac. 
9 I want an accurate up-to-date star map, one that shows Right Ascension 
and Declination correctly. Where can I get it? W. i. £. 


Answer. Professor Winslow Upton, has recently prepared a first rate Star 
Atlas with usefu descriptive matter and a set of excellent star maps. The star 
places on these maps are reduced to 1900. Messrs. Ginn & Company, of Boston 
or Chicago are the publishers of this Star Atlas. 




















